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The 61th ASH Annual Meeting: Unwrapping 
the Best From Hematology’s “Christmas”
AYESHA N. ZIA, MD

Editor, 2019 ASH News Daily; Associate Professor of Pediatrics, Director, Bleeding Disorders and Thrombosis Program, University of Texas 
Southwestern Medical Center, Dallas, TX

Late December is a favorite time of the year for me. For starters, my Outlook calendar — the digital 
deity of our age — commands me to attend just five meetings a week, as opposed to 20-plus. Actual 
tasks can be completed during the workday. I can reply to and file emails, rather than hit “reply 
all” and hope for the best. Most importantly, this is the time of year when I can reminisce and bask 
in a post–ASH annual meeting glow. 

As I write this, it has been two weeks since the meeting. Chances are that by this time, everyone has had an 
encounter with what might be the season of mistletoe, casseroles, yuletide treats, and singalong carols. And now 
we enter this weird interregnum. The new year is still to come, but hematologists’ “Christmas” is over.

Or is it?

Although the annual meeting and many of the festive moments are mixed and blurred with end-of-year deadlines, 
reports, and paper-writing that stretches the frail credulity of worthy reviewers (many stimulated by the meeting 
itself), one thought sticks out: No scholarly blind spot or theoretical shortcoming was left unturned this year 
in Orlando. For me, and for everyone else that I either spoke to or ran into at the annual meeting, the program 
was simply phenomenal this year. Granted, mine is a circle of mostly coagulationists (without an identity crisis 
though), and you might have seen them walking around with a certain swag this year (thank you, Dr. Silverstein). 
Nevertheless, the environment was electrical, the energy palpable, and the coffee lines long, even on Tuesday as I 
walked to the Late-Breaking Abstracts session. Even weeks later, memories from the meeting provide a stimulating 
distraction from both work and the importunities of the season. 

As I look back, this year’s program fulfilled the needs of every hematologist. More than 29,000 attendees walked 
the Orange County Convention Center. The program boasted 16 Scientific Program sessions, 28 Education 
Program sessions, and more than 30 Special-Interest and Spotlight sessions on timely topics presented by the 
world’s leading experts; 930 oral and 3,853 poster abstracts covered the latest research in all areas of hematology, 
while nearly 300 interactive exhibits gave an in-depth look at the latest industry trends. ASH members are located 
in major academic medical centers and small community hospitals, some with access to every new health care 
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Resolving to Close the Gap
LAURA C. MICHAELIS, MD
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Oncology, Medical College of Wisconsin, Milwaukee, WI

January of any new year finds newspapers, social 
media, and family dinners full of conversations about 
the accomplishments of the previous year (not to 
mention, the previous decade). For our community of 
hematologists, the past 10 years have brought about a 
dazzling acceleration in therapies.

Basic science discoveries from the end of the last century and 
beginning of this one have now entered the clinic. Diseases where 
there was considerable therapeutic nihilism (think multiple myeloma, 
acute myeloid leukemia (AML) in the elderly, or sickle cell disease) 
are now arenas in which novel agents are becoming commonplace. A 
quick review of U.S. drug approvals since 2009 shows: 

1.  A remarkable increase in the sheer quantity of approvals of new 
drugs or indications for hematologic conditions. By my quick 
count, there were 27 agents such approvals for the first five years 
of the last decade and 75 approvals between 2015 and now. 

2.  An increasing number of novel therapies for exceedingly rare 
hematologic conditions – diseases like Erdheim Chester Disease, 
Castleman’s disease or paroxysmal nocturnal hemoglobinemia, 
for example. Applied knowledge has changed the outcomes for 
patients who previously were sidelined as “orphans.” 

3.  Multiple agents available in the same disease, despite the fact 
that this condition may be uncommon. For example – since 2010, 
there have been five agents approved for use in chronic myeloid 
leukemia. 

4.  Drugs are now commonly approved for molecularly defined 
subsets of patients. The implications being, of course, that their 
applicability – even in a common disease – will be limited. 

In this issue of The Hematologist, we continue a tradition started by 
my predecessor, Dr. Jason Gotlib, where our panel of Contributing 
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Momentum: “Strength Gained by a Series of Events”

I am writing this in the waning days of December 2019, the end of the year and 
the closing of a decade. It’s a good opportunity to look back at where we’ve 
been and to look forward to see if any course adjustments are necessary.

The frenzy of the 2019 ASH Annual Meeting has passed. Dr. Roy Silverstein 
presided over a very successful meeting and year, and I wish to extend my 
personal thanks and congratulations to him. A record number of people 
gathered in Orlando, exchanged knowledge and new ideas, and carried that 
energy home with them to nearly 100 countries. ASH’s reach through our 
many meetings, publications, training initiatives, and international projects is 
indeed global.

The past decade has brought remarkable progress in our field with first-in-
class advances. Dabigatran was approved in 2010. Ruxolitinib was approved in 
2011. With the signing of the Affordable Care Act in 2010, millions in the U.S. 

gained access to health insurance. Lifetime caps and pre-existing conditions went away, although the financial 
devastation of illness persists. The first checkpoint inhibitor, ipilimumab, was approved in 2011, and the first 
chimeric antigen receptor T (CAR-T) cells and bispecific antibody therapies were approved in 2017. The first small-
interfering RNA treatment was approved in 2018.

As an allogeneic hematopoietic cell transplant physician, I now struggle with whether to recommend 
transplantation to people who have reached deep molecular remissions by ingesting small molecular inhibitors or 
receiving antibody-based therapies or CAR-T cells. I meet with people who have sickle cell disease to talk about 
transplantation, and we discuss the pros and cons of transplantation now versus waiting for when gene therapy 
might be available. The fact that I’m talking to them about transplant at all, and that gene therapy is mentioned in 
the same conversation as a potential alternative, albeit on a clinical trial, is remarkable.

This issue of The Hematologist is filled with articles about advances in the past year, and ASH’s goal for more than 
60 years has been to support hematologists in their work. To continue this important mission, ASH has supported 
laboratory and clinical investigators by providing more than $12 million in the past year in grants, scholarships, 
and career development programs. We’ll use our publications and meetings to disseminate reliable information 
and package it in ways that busy people prefer. We’ll make sure the public and legislators know why research 
funding is so important to keep the breakthroughs coming, and we’ll advocate for other policies that benefit our 
patients and our field. ASH has other initiatives in sickle cell disease, data registries, recruitment and retention, 
mentoring, and clinical practice guidelines that you’ll continue to hear about. And we’ll work worldwide to improve 
hematologic care.

Yet, for the patients we care for, leukemias are still resistant, graft-versus-host disease still fails to respond to 
treatment, and people still suffer and die from hematologic illnesses. So the challenge for the next decade is to 
maintain momentum so that we can look back in 10 years at 2020 and again marvel at how far we’ve come. I know 
that ASH and our field are on a good course to achieve this goal. Happy New Year!

      Stephanie J. Lee, MD, MPH
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Attend Three Groundbreaking ASH Meetings in 2020
Highlights of ASH is a series of small, clinically focused 
meetings that offer a summary of the top hematology 
research presented at the 61st ASH Annual Meeting in 
December. For hematologists abroad, attend Highlights of 
ASH in the Mediterranean taking place in Athens, Greece 
(February 21-22), Highlights of ASH in Asia-Pacific in Hanoi, 
Vietnam (March 13-14), or Highlights of ASH in Latin America 
in Foz de Iguazu, Brazil (April 3-4). Learn more by visiting 
www.hematology.org/Highlights. 

During August 6-9, the 2020 ASH Meeting on Lymphoma 
Biology (Westfields Marriott, just outside of Washington, DC) 
will offer a platform for discussion of the latest in lymphoma 
science, including presentations focused on understanding 
the biology of lymphoma, pathogenic mechanisms in 
lymphoma, and clinical applications of novel technologies 
for the diagnosis and treatment of lymphomas. Visit www.
hematology.org/Lymphoma-Biology for more information.

Save the date for the 2020 ASH Meeting on Hematologic 
Malignancies taking place September 11-12, at the Hilton 

Chicago. The meeting will feature experts in the field, comprehensive clinical content, the latest clinical research, 
and various opportunities to interact with colleagues in an intimate, small group setting with no competing sessions. 
Register in Spring 2020; visit www.hematology.org/Malignancies for additional details. 

N E W S  A N D  R E P O R T S
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advance, and others with difficulties in providing services 
that we all consider quite basic. I would be remiss not to say 
that this year’s elaborate program catered to all.

Throughout the meeting, I was reminded of the beautiful 
quote from Sir William Osler: “It is much more important 
to know what sort of a patient has a disease than what 
sort of disease a patient has.” I think this year’s sessions 
lived up to Osler’s teachings. The scientific workshops, 
satellite symposia, and ASH-a-Palooza set the rhythm for 
the meeting on Friday, providing something for everyone, 
even before the official start of the meeting. A host of 
topics — leukemia and lymphoma, myeloma, amyloidosis, 
hemophilia, sickle cell disease (SCD), and many more — 
were covered during the Friday Satellite Symposia. I heard 
trainees on escalators and walkways singing the praises of 
the 2019 ASH-a-Palooza. Sessions on health services research 
topics such as routine immunizations after nonmalignant 
disorders covered care for these complex diagnoses that 
go beyond acute management, and into the primary care 
arena. The ASH Clinical Practice Guidelines Sessions that 
were peppered throughout the meeting highlighted specific 
guidelines for a multitude of disorders, including venous 
thromboembolism, SCD, immune thrombocytopenia, and 
acute myeloid leukemia (AML). The speakers highlighted 

notable recommendations of interest that they hoped 
attendees would learn, disseminate, and implement. If that 
wasn’t enough, the ASH EQUIPS special symposium on safety 
discussed medical errors and patient safety. In combination 
with the ASH Choosing Wisely® Campaign sessions, both 
adult and pediatric-focused, these presentations reflected the 
intersecting concepts of therapeutic effectiveness, clinical 
value, and financial toxicity. 

The Best of ASH session, co-presented by the scientific 
co-chairs, recapped the amazing science on display at this 
year’s meeting. Dr. Charles Mullighan highlighted work that 
described mechanisms of tumor formation; new therapeutic 
advances in acute lymphocytic leukemia (ALL), myeloma, 
and myelodysplastic syndromes; and mechanisms of 
resistance to therapy in chronic lymphocytic leukemia, ALL, 
and chronic myeloid leukemia. He described single-cell and 
spatial profiling technology of the tumor microenvironment 
and advances in immunotherapy. Dr. Robert Flaumenhaft 
recapped mechanosensing mechanisms and refining cell 
lineage in nonmalignant hematologic diseases. These sets 
of studies ran the gamut from how mechanical forces direct 
the development of hematopoietic stem cells, to the efficacy 
of oral arginine in the treatment of vaso-occlusive crises in 
children.

Last, but certainly not least, the award ceremonies at ASH 
commemorated giants in the field and acknowledged leaders 
in the field who embodied the attributes of the award’s 

Spanning disciplines, disease sites, and treatment 
approaches, it is our combined knowledge that will shape 
the future of patient care and research. With exciting 
advances in big data technology, our collective wisdom will 
become all the more powerful, as new insights will reveal in 
seconds, not years. The impact of our knowledge, however, 
can only be as significant as our ability to strengthen the 
delivery of high-quality hematologic care. I hope that 
50 years from now, future hematologists will look back 
and thank us for the pioneering aspects of hematology 
treatments that developed in our era.

It was wonderful to see so many of you at the 2019 ASH 
Annual Meeting, connecting with colleagues, augmenting 
our collective knowledge, and strengthening our ability to 
provide high-quality care to our patients. Before I sign off 
and welcome the next decade, I would like to thank my ASH 
News Daily Editorial Board, which worked tirelessly to cover 
the entire meeting.

Dr. Zia indicated no relevant conflicts of interest.

namesake. Dr. Richard Aster received the 2019 Wallace 
H. Coulter Award; Drs. Sriram Krishnaswamy and Jeffrey 
Weitz, the Earnest Beutler Lecture and Prize; Dr. Philip 
Greenberg, the E. Donnall Thomas Lecture and Prize; and 
Dr. Emmanuelle Passegué, the William Dameshek Prize. Drs. 
William Eaton and Richard Larson received the Henry M. 
Stratton Medal, and the ASH Mentor Award celebrated the 
time and effort of two outstanding mentors, Drs. Michael R. 
DeBaun and Leonard Zon.

(Cont. from page 1)

L-R: 2019 ASH President Dr. Roy Silverstein with the 
recipients of the 2019 Ernest Beutler Lecture and 
Prize, Drs. Jeffrey Weitz and Sriram Krishnaswamy.

Trainees take notes and ask questions during the 
Hemostasis and Thrombosis Poster Walk for Trainees. 

Dr. Julie Silver delivers her talk on diversity and inclusion at 
the Networking Reception for Women in Hematology.

Throughout the meeting, I 
was reminded of the beautiful 
quote from Sir William Osler: 
“It is much more important to 
know what sort of a patient 
has a disease than what sort 
of disease a patient has.” I 
think this year’s sessions lived 
up to Osler’s teachings.

Annual Meeting 
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Table. Suggested Baseline Workup for 
Erdheim-Chester Disease

Laboratory

Complete blood count with differential

Sodium, potassium, calcium, liver transaminases, biliru-
bin, alkaline phosphatase

Blood urea nitrogen, creatinine, C-reactive protein

Urine and serum osmolality

Follicular stimulating hormone/Leutinizing hormone

Testosterone (male patients) or estradiol (female pa-
tients)

Adrenocorticotropic hormone with morning cortisol

Thyroid stimulating hormone and free T4

Prolactin and insulin-like growth factor-1

Radiographic

Full body (vertex-to-toes) PET-CT scan

Cardiac MRI

Brain MRI with gadolinium contrast

Molecular

Next generation sequencing for MAPK-ERK and PI3K-
AKT pathway mutations

Kinase fusion analysis

Abbreviations: MRI, magnetic resonance imaging; PET-CT, positron 
emission tomography.

THE CASE

Clinical Presentation. A 65-year-old man presented to 
his local ophthalmology clinic for one-month history 
of progressively worsening redness of the eyes and 
double vision. Physical examination revealed periorbital 
xathelasmas and exophthalmos, and radiographic 
studies demonstrated bilateral orbital masses (Figure 
1). He underwent left anterior orbitotomy that revealed 
xanthogranulomatous inflammation. Due to progression 
of symptoms in the right eye, a right anterior orbitotomy 
was performed, with a histopathologic diagnosis of 
xanthogranuloma again. The patient was treated with 
prednisone to help with the inflammation, without any 
improvement in symptoms.

Diagnosis and Staging. Approximately six months after 
symptom onset, the patient was referred to a tertiary 
referral center where the ophthalmologist suspected a 
histiocytic disorder; in turn, the patient was referred 
to our histiocytosis clinic. A detailed review of systems 
revealed that he also had progressive upper extremity 
weakness, headaches, and gait imbalance. Histopathologic 
review of the orbitotomy specimens from the previous 
biopsies revealed foamy histiocytes that were CD68+ along 
with Touton giant cells suggestive of Erdheim-Chester 
disease (ECD). BRAF-V600E immunohistochemistry (IHC) 
analysis was negative. Upon evaluation by neurology, he 

was found to demonstrate cerebellar ataxia, complete 
ophthalmoplegia, and left-hand motor weakness. Magnetic 
resonance imaging (MRI) of the brain and spine revealed 
areas of increased enhancement in the cerebellum, pons, 
as well as neural foramina of the cervical and thoracic 
spine. A full-body 18F-labeled fluoro-2-deoxyglucose positron 
emission tomography–computed tomography (FDG PET-CT) 
demonstrated increased uptake in multiple sites, including 
bilateral orbits, right atrium, abdominal aorta and its 
branches, cervical and thoracic spinal nerve roots, and 
meta-diaphyses of the femur, tibia, and fibula around the 
knees (Figure 1). We pursued next-generation sequencing 
(NGS) on the tissue specimen that revealed BRAF-V600E 
mutation, and the patient was started on oral vemurafenib 
for ECD treatment.

OUR APPROACH

ECD: A Disease in Search of a Diagnosis. ECD is a rare 
histiocytic disorder that has diverse clinical manifestations 
ranging from indolent, single-organ disease to multiorgan 
involvement resulting in 
increased morbidity and 
mortality. Although it was 
previously not considered 
as a neoplastic disorder, 
the recent discovery of 
recurrent and clonal 
MAPK-ERK pathway (RAS-
RAF-MEK-ERK) mutations 
led to its categorization as 
a neoplasm by the World 
Health Organization in 
2016.1,2 ECD can virtually 
involve any organ system, 
including the osseous 
system (lower extremity 
bones, 95%), cardiovascular 
system (50-60%), endocrine 
system (50-60%), and 
central nervous system 
(CNS; 40-50%).3 The 
initial clinical signs and 
symptoms include lower 
extremity pain (40%) or 
central diabetes insipidus 
(30%), with the latter often 
preceding the diagnosis of 
ECD by four to 10 years.4

Owing to its nonspecific presentation mimicking other 
diseases and unusual tissue tropism, one of the major 
challenges to clinicians is the timely diagnosis of ECD. 
Patients often see numerous providers and undergo several 
biopsies before a diagnosis is made. This is exemplified 
by the time from onset of symptoms to ECD diagnosis that 
can vary from a few months to several years (median, 
approximately 4 years).3 Tissue biopsy of ECD specimens 
classically reveals foamy histiocytes that are CD68+ or 
CD163+. Other histopathological markers of ECD such as 
S100 negativity and presence of Touton giant cells are not 
sensitive markers for the disease, and the tissue biopsies 
often show fibrosis or nonspecific inflammation.5 ECD 
tissue specimens demonstrate the presence of MAPK-ERK 
and PI3K-AKT pathway alterations in 80 to 90 percent of 
cases, with the most common mutation being BRAF-V600E 

GAURAV GOYAL, MD,1 AND RONALD S. GO, MD2

1. Division of Hematology and Oncology, University of Alabama at Birmingham, Birmingham, AL

2. Division of Hematology, Mayo Clinic, Rochester, MN

(50-60%). Other notable alterations include mutations in 
MAP2K1 (15-20%), KRAS/NRAS (5-8%), PI3CA (5%), and kinase 
fusions (3%).

The diagnosis of ECD is clinico-pathologic and is made by 
reviewing the clinical manifestations in conjunction with 
histopathological features. In the case presented here, ECD 
diagnosis was not made until the patient was evaluated 
by a center with experience in these disorders, six months 
after initial presentation. Characteristic manifestations of 
ECD include bilateral, symmetric osteosclerosis of femur, 
tibia, and fibula around the knees as seen on FDG PET-CT 
or bone scintigram (Figure). However, the former modality 
is preferred due to the ability to concomitantly assess for 
other organ involvement and to aid the selection of tissue 
biopsy site.6 It is crucial to acquire the PET as full-body 
(vertex-to-toes) imaging to capture the knee osteosclerosis. 
Other manifestations include wispy infiltration around the 
kidneys (hairy kidneys) or aorta (coated aorta). Although 
other histiocytosis such as Langerhans cell histiocytosis 
and Rosai-Dorfman disease were previously considered 
separate entities, there have been several reports of overlap 
with ECD with similar MAPK-ERK mutations.7,8 Even in 
cases with characteristic clinical features, a tissue biopsy is 
recommended to rule out concomitant overlap syndromes as 
well as to assess for MAPK-ERK pathway mutations.9 In cases 
with equivocal histopathologic features, molecular findings 
often aid the diagnosis. All biopsy specimens should be tested 
for the BRAF-V600E mutation. Although IHC is a quick and 
cost-effective assessment method, it is less sensitive than other 
modalities such as droplet digital polymerase chain reaction 
or NGS for detection of the mutation. More exhaustive ECD 
testing may be guided by disease involvement of cardiac, 
cerebral, and orbital tissues due to its high incidence in these 
phenotypes.10 In the case presented here, because of high 
clinical suspicion we were able to uncover a BRAF-V600E 
mutation on NGS testing despite a negative IHC.

Evaluation and Staging of ECD. In addition to a full-body 
FDG PET-CT to assess organ involvement, all patients 
need comprehensive laboratory evaluation to assess 
endocrinopathies (Table). All patients with ECD should 

also undergo a cardiac and brain MRI because of its 
high sensitivity to assess heart and CNS involvement.11,12 
Further CT or MRI studies may be warranted based on the 
organs involved. For patients with peripheral blood count 
abnormalities, a bone marrow biopsy is recommended 
to rule out concomitant myeloid neoplasms.13 Due to the 
widespread organ manifestations, ECD patients benefit from 
multidisciplinary evaluation from physicians of different 
subspecialties similar to the Mayo Clinic-University of 
Alabama at Birmingham Histiocytosis Working Group.9 The 
ECD Global Alliance maintains a list of care centers as well 
as knowledgeable physicians that may provide valuable 
consultations to the patients (http://erdheim-chester.org).

Treatment, Response Assessment, and Surveillance of ECD. 
There are several treatment options for patients with ECD that 
may be divided into targeted and nontargeted (chemotherapy/
immunosuppressive) categories. For patients with the 

Diagnosis and Management of Erdheim-
Chester Disease, a MAPK-ERK Pathway-Driven 
Histiocytic Neoplasm

Ask the Hematologists

Manifestations of BRAF-V600E Erdheim-Chester disease in our patient before and three months after 
treatment with vemurafenib. Images show improvement in periorbital xanthelasmas, proptosis, as well as 
metabolic complete responses in thoracic vertebral nerve roots and right atrium.
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BRAF-V600E mutation, the U.S. Food and Drug Administration 
has now approved vemurafenib treatment based on a phase 
II clinical trial that resulted in metabolic response rates 
higher than 80 percent.14 We typically initiate treatment with 
480 mg orally twice daily, and some patients may require 
higher or lower doses based on response and/or tolerance. 
Among those with CNS disease, dabrafenib may be preferred 
due to potentially better CNS penetration.15 For patients 
without the BRAF-V600E mutation, a recent phase II trial also 
demonstrated 89 percent overall response rates using the 
MEK-inhibitor, cobimetinib.16 Other treatment options that 
we have used include cladribine, anakinra, and pegylated 
interferon, although the responses may be variable.17-19 After 
initiating treatment, FDG PET-CT is recommended at two to 
three months to assess for metabolic response, and every 
three to six months thereafter. It is notable that a targeted 
therapy may take up to six to eight months to demonstrate 
maximum metabolic response. Other imaging modalities may 
be needed based on the baseline organ involvement. Despite 
radiographic reduction of ECD lesions, endocrinopathies 
may not be reversible. Since patients with ECD can develop 
endocrinopathies throughout their disease course, hormone 
evaluations should be performed annually.20

Prognosis. Factors associated with higher mortality in 
ECD include advanced age and disease involving the CNS, 
lungs, and retroperitoneum.10 Due to advances in our 
understanding of the disease, the prognosis of ECD has 
improved drastically over the past two decades, with five-
year overall survival rates of 43 percent in 1996 versus 83 
percent in a recent study.10,21

Clinical Course. Three months after initiating vemurafenib, 
the patient had a robust partial metabolic response (Figure). 
Upon discontinuing the drug after a year of therapy, he 
experienced a radiographic disease relapse, necessitating 
re-administration of the BRAF inhibitor that recaptured the 
metabolic response. 

Future Directions and Challenges. Despite advances in 
treatments of ECD, an area of unmet need is the early 
diagnosis of the disease. Many patients with ECD can survive 
their disease due to the targeted treatments available, 
but have to cope with chronic debilitating effects of the 
disease, including and not limited to pain, neuropsychiatric 
symptoms, and gait ataxia. Future research is needed 
to identify screening methods to diagnose ECD at early 
stages, such as central diabetes insipidus or periorbital 
xanthelasmas. There is also a need for research into a 
“minimal residual disease” equivalent for ECD so that we 
can identify patients who can safely discontinue targeted 
treatments and avoid cumulative toxicities.
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Thomas P. Stossel, MD (1941-2019)
Dr. Thomas Peter Stossel, physician, scientist, author, 
editor, musician, scholar, and past president of ASH 
died suddenly and unexpectedly on September 29, 
2019. I first met Tom when he and I were hematology 
fellows almost half a century ago. First impressions are 
often lasting, which was certainly true with Tom. I was 
immediately charmed by his sardonic humor, intellect, 
energy, and curiosity, and feel fortunate that this chance 
meeting evolved into a lifelong friendship. His passing 
has created a large void in my life as well as the lives of 
his family and many friends. I will try here to capture the 
essence of this remarkable human being.

Tom grew up in the Chicago suburb of Wilmette. He 
was an outstanding student and a serious wrestler 
and sailor. This fearless competitive spirit lived on 
throughout his life. Tom attended Princeton University, 
majored in English, graduated summa cum laude, 
and won the prize for the best senior thesis titled, 
“The Medieval Dance of Death.” He then went to 
Harvard Medical School where, by chance, he met 
the distinguished hematologist Dr. David Nathan who 
was his lab section instructor in hematology. David 
quickly realized Tom’s potential, initiated a several-year 
recruitment program, and invited him to spend time in 
the Boston Children’s Hospital hematology division. 
After completing his residency in internal medicine at 
Massachusetts General Hospital (MGH), Tom went to 
work in Dr. Martha Vaughn’s laboratory at the National 
Institutes of Health (NIH). David helped to orchestrate 
this initial research experience and deftly offered Tom a 
hematology fellowship at Boston Children’s Hospital.

While a clinical fellow, Tom set up an independent 
laboratory and began his studies of leukocyte 
phagocytosis. He developed an elegant technique to 
quantify phagocytosis and the “killing” of ingested 
material with Oil Red O droplets containing nitro blue 
tetrazolium dye substituting for microbes. The distinct 
red-blue colors allowed quantitative measurement of 
particle ingestion and activation of the cellular response 
to ingestion particles. He then turned his attention to 
the study of what he was fond of calling “how cells 

crawl.”  He and his colleagues, in particular Dr. John 
Hartwig who had come with him from NIH, made 
major contributions to cell movement and contractility, 
discovering two important intracellular regulatory 
proteins filamin — actin-binding protein and gelsolin. 
In recognition of this important work, Tom was rapidly 
promoted to professor at Harvard and elected to the 
National Academy of Sciences. He was also elected to 
the American Academy of Arts and Sciences and the 
National Academy of Medicine.

Tom always sought to expand his horizons beyond 
laboratory science and did so in several ways. First, he 
left Boston Children’s to accept a position as Chief of 
Medical Oncology at MGH. Second, he accepted the 
position of Editor-in-Chief for the Journal of Clinical 
Investigation. He proudly joined the scientific advisory 
board of the Cambridge biotech startup Biogen. He 
also became active in our Society. He won the William 
Dameshek Prize, delivered the E. Donnall Thomas 
Lecture, and was elected president of ASH during 
an important time in the Society’s history. ASH had 
grown in size, stature, and complexity and needed 
strong leadership. Tom was proud to have recruited 
Marty Liggett to serve as executive director, and he 
also strengthened the government affairs activities of 
the Society and fostered the restructuring of annual 
meeting topics and sessions.

I was pleased when some years later he was 
convinced to move to Brigham and Women’s Hospital, 
first to lead the Division of Experimental Medicine 
and then to serve with me as co-chief of hematology. 
For 25 years, we had adjacent offices and had the 
pleasure of running our unit together. Tom was fluent 
in a half dozen languages and read voraciously. His 
reading list was impressive, usually densely written, 
important classics. I remember discussing “Don 
Quixote,” “Arrowsmith,” “Babbitt,” and Fredrick Hayek’s 
“The Road to Serfdom.” One weekend he said he was 
going to read “The Iliad.” I hesitated to ask if this was 
the original version in ancient Greek or an English 
translation.

Although he kept his lab program open well into his 
70s, he developed a strong interest in fostering ties 
between academia and the pharmaceutical industry. 
He became well known for numerous op-eds, his lucid 
lectures, and a scholarly book on the subject, and co-
founded biotechnology company Bio Aegis, devoted to 
developing plasma gelsolin into a therapeutic agent. 
He also honed a keen interest in global health and, 
with his wife Dr. Kerry Maguire, a public health dentist, 
formed a dental and medical outreach program in 
Zambia, Options for Children in Zambia. With Kerry’s 
guidance, Tom became proficient at varnishing 
children’s teeth with fluoride — a skill not shared by 
many other hematologists. He also helped establish 
a sickle cell screening program and a rural birthing 
center. Tom and Kerry visited the country several times 
a year, and adopted their daughter, Tamara Sakala-
Stossel, from Zambia.

I would be remiss if I did not mention Tom’s musical 
talents. He was a Bach aficionado and played piano 
and keyboard flawlessly. At Princeton, he was in a rock 
band. He also composed the music for the second-
year show at Harvard Medical School. Recently, his 
graduating class reprised the musical at their 50th 
reunion.  

Tom is survived by his wife Kerry; his three children 
Scott, Sage, and Tammy; his brother John; and his 
grandchildren. Tom would also include here the 
beloved feline members of his family. Tom will be 
missed by his family and his vast group of professional 
colleagues and friends. Two memorial services were 
held for him, and his ashes were scattered on Wellfleet 
Bay near his summer home. Tom was one of the 
smartest people I had the privilege of knowing. He was 
youthful, energetic, and fully engaged in his personal 
and professional lives until the moment of his passing. 
Many of us thought he was immortal. Unfortunately for 
us, he was not.

—Robert I. Handin, MD, Harvard Institutes of Medicine, 
Boston, MA 
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HEADLINES FROM WASHINGTON

New ASH Advocates Head to Washington to 
Attend the Advocacy Leadership Institute and 
Visit Capitol Hill
All ASH members have the ability to be advocates for hematology, but for those who are 
looking for ways to make an even larger impact in Washington or in their state capital, 
there is the Advocacy Leadership Institute (ALI). This two-day workshop, which has been 
held annually at ASH headquarters since 2011, serves as an 
opportunity for ASH members to learn more about advocacy 
and health policy and become more engaged in the Society’s 
activities. ASH members from across the United States are 
provided with in-depth training on the legislative process and 
advocacy best practices. The workshop provides members 
with an opportunity to “walk the halls of Congress” practicing 
what they’ve learned to advocate on behalf of ASH’s policy 
priorities. The principal goal of ALI is to give hematologists 
the skills and tools necessary to continue to be effective 
advocates in their communities.

The Hematologist spoke with a recent ALI graduate, Dr. 
Azam Farooqui. Dr. Farooqui is currently finishing his third 
year of fellowship at Saint Louis University, where he focuses 
on hematologic and solid tumor malignancies. His interest 
in advocacy started long before his participation in ALI. “I 
have always had an interest in advocacy and public policy 
from various experiences throughout my training,” said Dr. 
Farooqui. “As I have advanced from student to specialist, I 
have found that our voices as physicians can be a powerful 
tool to project the voices of our patients.”

ALI participants spend an entire day on Capitol Hill, and 
by the time they return home, many have made a personal 
connection with their legislators’ offices. Dr. Farooqui viewed 
ALI as a “transformative experience” and found that “the 
most enriching part [of the experience] was establishing 
personal connections with our government representatives 
and creating an avenue to pass along the stories we have 
from our patients.” Often these connections are valuable and 
lasting, and the next time an advocate reaches out to their 
legislator they are recognized as an expert in the field.

HEADLINES FROM  WASHINGTON

Figure 1

Figure 3

Figure 2

Figure 4

I M A G E  C H A L L E N G E    

Malaria Diagnosis in a 
39-Year-Old Man
KAREN ARISPE, MD,1 AND ALEXANDRA M. HARRINGTON, MD2

1. Resident, Pathology & Laboratory Medicine, Medical College of 
Wisconsin, Milwaukee, WI

2. Professor of Pathology, Director of Hematopathology; Faculty Pillar 
Director, Kern Institute, Medical College of Wisconsin, Milwaukee, WI

A 39-year-old man from Nigeria 
presented to an American 
emergency department with two 
days of chills, fevers, fatigue, 
vomiting, and headaches. He has a 
history of end-stage renal disease 

and was post–kidney transplantation two months prior in Nigeria. 
Representative images shown are Wright-Giemsa–stained thin 
(Figures 1 and 2) and thick (Figure 3) smears and a rapid antigen 
test (BinaxNow® Malaria test; Figure 4).

Test Result Reference Range

White blood cell count 1.2 × 103/μL 3.9-11 × 103/μL

Hemoglobin 10.6 g/dL 13.7-17 g/dL

Platelet count 97 × 103/μL 150-373 × 103/μL

Absolute neutrophil count 0.71 × 103/μL 1.1-1.8 × 103/μL

What is the diagnosis?

A. Malaria, Plasmodium falciparum infection

B. Malaria, Plasmodium vivax infection

C. Malaria, Plasmodium ovale infection

D. Malaria, Plasmodium malariae infection

Following his time in Washington, Dr. Farooqui intends to continue his advocacy. “I 
definitely plan to continue my work in health care advocacy and remain involved in the 
ASH Grassroots Network after this experience.” Dr. Farooqui declared. “I am also planning 
to visit my state capital [Jefferson City, MO] to advocate for various issues. I believe that 
maintaining a relationship with members of the state legislature is equally as important 
at the national level and will provide a mutually beneficial route to help our community 
directly.”

“If there are aspects of your clinical experience that are frustrating, or that you’ve ever 
felt could be improved upon, becoming an advocate to fight for broad changes can be 

an empowering way to help patients on a large scale,” 
explained Dr. Farooqui. “I felt my experience at ALI gave 
me an opportunity to share both my own and my patients’ 
experiences, and become a better steward of health care by 
honoring them in that way,” he added.

Interested in becoming more involved in ASH’s 
advocacy efforts?

The ASH Grassroots Network is the backbone of the 
Society’s advocacy activities. ASH members can sign 
up to receive regular updates about current advocacy 
efforts impacting hematology and information about how 
to contact their members of Congress. To join the ASH 
Grassroots Network, visit the ASH Advocacy Center at www.
hematology.org/Advocacy.

If you’re interested in scheduling a meeting with your elected 
officials, staff in the ASH Government Relations and Practice 
Department are available to help set up meetings with 
congressional staff in Washington, DC, or back home in your 
district office. ASH staff can also provide the information 
needed to be an effective advocate, including fact sheets and 
relevant talking points, and assist with any necessary follow-
up after the meeting.

Dr. Farooqui also encourages others to consider nominating 
themselves or a colleague for the 2020 ALI. “I believe any 
person interested in making an impact on the quality of our 
health care system as a whole would benefit from the ALI.” 
Nominations are open to all ASH members who are U.S. 
citizens. Additional information about ALI and the nominations 
process can be found at www.hematology.org/ALI. 

Dr. Farooqui on Capitol Hill with fellow ALI colleagues L to R: 
Azam Farooqui, MD; Lydia Pecker, MD; Marcus Carden, MD; 
Mark Goldstein, MD
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Year’s Best

Editors outline some of what they believe to be the most 
impactful discoveries of the year prior. We also conducted 
a casual survey of participants at the annual meeting in 
December to get their opinions on the year’s most important 
discoveries, and direct oral anticoagulants in cancer patients 
took the top honors in that poll. I won’t steal their thunder 
by listing out what our CEs have selected, but suffice to say, it 
was a tough year to choose between so many good options.

As I thought about all the developments, with gratitude 
and excitement, I also was thinking about how much work 
we still need to do. Tremendous challenges continue to 
impede translation of science into the public good. It’s a little 
presumptuous, but this is also a time for resolutions, so I 
thought it would be a good time to propose, in no particular 
order, a few pledges that I believe could help our patients as 
we go forward.

Resolution #1: Improve our clinical trial designs 
such that the results can be deployed in diverse 
populations.

One of the high points of the 2019 ASH Annual Meeting 
was the number of abstracts that illustrated disparities 
in the treatment of blood diseases. A portion of such 
disparities results from clinical trial designs that needlessly 
exclude patients. Two examples come to mind. In one 
study, investigators from the Cleveland Clinic looked 
at more than 1,000 patients with AML and found that 
African Americans were more likely to have evidence of 
abnormal kidney functioning than whites, but this was not 
associated with any difference in overall survival.1 Trials 
that exclude patients with signs of kidney dysfunction may 
disproportionately (and unnecessarily) exclude minorities 
as a result. In another abstract, authors looked at the 
post-approval use of anti-CD-19 chimeric antigen receptor 
T-cell (CAR-T) therapy.2  The authors used Medicare claims 
data to look at patients treated after approval, and their 
comorbidities. Despite medical conditions that would have 
made them ineligible for the studies, the patients seemed 
to benefit from the agent. So why exclude them from the 

protocols? Overly conservative inclusion and exclusion 
criteria slow down progress in medicine and also hinder 
precision since we need heterogeneous populations to 
identify which groups may or may not benefit from a given 
therapy.

Resolution #2: Actively work to mitigate the gap in 
care between rural and urban communities. 

Having trained in Boston and Chicago, I have been aware 
throughout my time as a physician of the many ways 
in which poverty hinders health. Moving to Wisconsin, 
however, has illuminated for me some of the challenges 
facing rural patients. Access to care, logistical burdens 
from long commutes to specialty centers, health literacy, 
and socioeconomic status have all been cited as some of 
the myriad reasons that individuals from rural areas have 
worse outcomes compared to those who live in, near, or 
around cities. Can this be mitigated? An abstract presented 
at the annual meeting by clinical investigators at the Levine 
Cancer Institute3 hints that the use of a patient navigator 
program may help ethnic minorities achieve outcomes 
similar to those of white patients when they are treated 
for diffuse large B-cell lymphoma. These parallels bolster 
research published in 2018 in which investigators looked 
at more than 36,000 patients treated on cooperative group 
trials and showed that rural and urban patients with cancer 
experience similar outcomes when receiving treatment in 
the context of randomized clinical trials.4 It seems to me that 
just as we need to address gaps of care between the poor and 
the wealthy, between white and minority patients, we need 
to also devise strategies that equalize care for the urban and 
rural areas of our communities.

Resolution #3: Report the costs of our treatment 
strategies.

I’m saying nothing groundbreaking when I point out that 
in the United States at least, the cost of cancer drugs is one 
of the factors that will play a role in the inevitable financial 
reckoning of our health care system. This short essay is 

no place to explore all our options, but I recently listened 
to a Grand Rounds given in March of 2019 by Dr. Vincent 
Rajkumar — one of the great voices on this topic in our 
community. In this talk, available on YouTube (https://www.
youtube.com/watch?v=Rb9y6bBaEzo) for those who would 
like to watch it, Dr. Rajkumar describes the problem of 
prescription drug costs and the causes behind this trend, and 
then outlines some difficult but possible solutions. There are 
definitely steps we can take as individual providers and as 
voters, and I would also argue that we can make an impact 
when we design studies. I think, at the earliest stages, we 
should be considering and be transparent about the costs 
of the regimens that we are concocting. We should think 
carefully about dosing strategies and indefinite therapy. And 
finally, at the reporting and publication stage, our documents 
should reflect the cost of the regimens and the value that 
these regimens deliver. 

As I say, these are only three possible resolutions. I’m sure 
you can suggest many, many more. If we consider the last 
decade to be the period in which we learned how to move 
molecular medicine from the laboratory to the clinic, 
perhaps we can make the next decade one in which we learn 
how to rationally, thoughtfully employ the agents we have in 
an effective, sustainable, and just manner.

1.  Stateler A, Hobbs BP, Radivoyevitch T, et al. Are racial disparities 
in acute myeloid leukemia (AML) clinical trial enrollment 
associated with comorbidities and/or organ dysfunction. Blood. 
2019;134 (Supplement_1):381. 

2.  Kilgore KM, Mohammadi I, Schroeder A, et al. Medicare 
patients receiving chimeric antigen receptor T-cell therapy 
for non-Hodgkin lymphoma: A first real-world look at patient 
characteristics, healthcare utilization and costs. Blood. 2019;134 
(Supplement_1):793.

3.  Hu B, Chen T, Boselli D, et al. Minorities do not have worse 
outcomes for diffuse large B cell lymphoma (DLBCL) if optimally 
managed. Blood. 2019;134 (Supplement_1):425. 

4.  Unger JM, Moseley A, Symington B, et al. Geographic distribution 
and survival outcomes for rural patients with cancer treated in 
clinical trials. JAMA Netw Open. 2018;1:e181235

Dr. Michaelis indicated no relevant conflicts of interest.
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Are You a Lumper or a Splitter? Embrace 
the Genomic Spectrum of Neutrophilic 
Myeloid Neoplasms
CHRISTOPHER B. HERGOTT, MD, PhD, AND ANNETTE S. KIM, MD, PhD

1. Clinical Fellow in Hematopathology, Brigham and Women’s Hospital, Boston, MA

2. Associate Professor of Pathology, Harvard Medical School; Brigham and Women’s Hospital, Boston, MA

2019 marked a great leap forward in our molecular understanding of chronic 
myeloid neoplasms (CMNs), with results that may challenge long-held 
views on how to diagnose and classify them. CMNs comprise a diverse 
group of malignancies characterized by an abnormal proliferation of 
maturing hematopoietic cells, morphologic dysplasia, or a combination 

of both. Traditional classification of these disorders based solely upon 
clinicomorphologic observations has resulted in heterogeneity within diagnostic 

groups and poor patient outcomes.1,2 However, as advances in genomics expand our 
awareness of their biology, genetic lesions are increasingly required as primary diagnostic 
criteria within the World Health Organization (WHO) classification system (particularly in 
myeloproliferative neoplasms [MPNs]) and often provide targets for therapeutic intervention 
in CMNs.3 A growing body of literature also demonstrates that the clonal architecture of 
additional mutations acquired by many CMNs can provide actionable prognostic information.2,4 
Nevertheless, progress has not been made evenly across all CMNs. With the exception of 
chronic myeloid leukemia, myeloid neoplasms presenting predominantly with neutrophilia 
represent a relatively underexplored area of genomic investigation.

Myeloid neoplasms presenting predominantly with neutrophilia (henceforth, neutrophilic 
myeloid neoplasms [NMNs]) include chronic neutrophilic leukemia (CNL), atypical chronic 
myeloid leukemia (aCML), myelodysplastic syndromes (MDS)/MPNs, and unclassifiable 
MDS/MPNs (MDS/MPN-U). Several challenges persist in characterizing these neoplasms 
effectively. First, as a group, the disorders are rare, inhibiting the large-scale genomic analyses 
or clinical trials afforded to other CMNs. Second, there is no gold standard for diagnosis or 
discrimination of these entities. Patients may present with clinical and morphologic features 
insufficient for diagnosis or may fulfill criteria for multiple diagnoses simultaneously. The 
presence of distinguishing features such as morphologic dysplasia, left-shifted granulocytic 
maturation, or monocytosis may be confounded by other clinical factors or be subject to inter-
pathologist variation. Initial genomic investigations into these disorders, often using smaller 
targeted panels, yielded recurrent mutations across all these entities in genes such as ASXL1, 
TET2, SRSF2, CBL, CSF3R, SETBP1, NRAS, U2AF1, and EZH2, among others, in common 
with many other myeloid neoplasms.5 The question remained whether molecular distinctions 
between these entities might be more apparent with a more genome-wide investigation.

To address this question, Dr. Haijiao Zhang and colleagues performed whole-exome 
sequencing of bone marrow and/or peripheral blood samples from 158 patients with NMN 

diagnoses (Figure 1).6 Specimens included 39 cases of CNL, 27 cases of aCML, 13 
cases of MPN-U, 12 cases of MDS/MPN-U, 29 cases of chronic myelomonocytic leukemia 
(CMML), and 38 cases of uncertain/unavailable diagnosis. It should be noted that these 
samples originated from a large number of institutions without central pathology review for 
these challenging diagnoses. In keeping with previous studies on all CMNs,5 the researchers 
detected high rates of mutations in genes that fall within only a few key pathways: chromatin 
modification (ASXL1, EZH2, ASXL2), signaling pathway driver mutations (CSF3R, NRAS, 
JAK2), DNA modifier mutations (TET2, DNMT3A), spliceosome component mutations 
(SRSF2, U2AF1, SF3B1, ZRSR2, RPRF8), and transcription factor mutations (GATA2, 
RUNX1; Figure 1). Additionally, there was a high frequency of SETBP1 mutations, though 
mutations in this gene may be seen, especially as progression events, in other CMNs as well. 
Three or more of these major pathways were represented in most cases (50% containing 3 or 
4 mutations; range, 0-8 mutations) with mutation profiles most frequently including ASXL1/2, 
TET2/GATA2 (mutually exclusive), a signaling mediator, and/or a splicing factor. Analysis of 
variant allele fractions allowed the authors to infer that variants in EZH2, SETPB1, TET2, 
U2AF1, and SF3B1 (chromatin modifier and spliceosome pathways) represented the most 
frequent founder clones, whereas other mutations occurred at more variable frequencies, with 
evidence of linear acquisition of mutations. Loss of heterozygosity was observed frequently with 
mutations in EZH2, JAK2, GATA2, and CSF3R.

Importantly, the authors detected no definitive segregation of mutational profiles between 
CNL, aCML, and other NMN diagnoses as defined by WHO criteria applied at the individual 
institutions. RNA-seq analyses performed on 76 patient samples revealed three main 
transcriptomic clusters that enriched for, but also did not absolutely discriminate, clinical or 
genomic disease features. This indicates that NMN diagnostic entities do not exhibit distinct 
molecular profiles from each other; however, the collection may comprise a larger entity 
from which a spectrum of clinicomorphologic manifestations can arise. Of note, a subset of 
mutations including NRAS, ASXL1, GATA2, and DNMT3A were significantly associated with 
poorer patient survival irrespective of clinicomorphologic diagnosis within the NMN group while 
mutations in CBL showed improved outcomes in univariate analysis, suggesting that molecular 
findings may represent more clinically actionable information than the specific diagnostic 
classifications within the NMNs.

In addition to challenging the clinicomorphologic boundaries currently held by WHO criteria, 
the mutational profiles detected within NMNs conform to the larger schema of pathogenic 
mutation acquisition established for CMNs writ large (Figure 2A).5 This schema holds that 
initiating/founder events in CMNs are predominated by mutations involving epigenetic 
regulators and/or RNA splicing machinery. In CMNs other than MDS, a secondary mutational 
event(s) defines the differentiation and/or manifestation of the CMN, including JAK2, CALR, 
or MPL for “classic” MPNs. The recent work by Dr. Haijiao Zhang and colleagues suggests 
NMNs are subject to this second “hit” through a variety of mutations, often signaling pathway 
genes (frequently co-occurring) that “may contribute to the unique phenotype” of these 
NMNs, but not in a manner that reliably distinguishes them from each other. Lastly, increased 
numbers of mutations are associated with worse clinical features progression. Thus, it seems 
that neutrophilic neoplasms obey a similar general strategy of pathogenic progression, while 
sharing skewed representation of individual genes within these categories.

Notably, these results stand in contrast to two publications by Dr. Manja Meggendorfer and 
colleagues, performed with comparable sample sizes to those from Dr. Haijiao Zhang and 

Genomic landscape of chronic myeloid neoplasms, including chronic neutrophilic leukemia (CNL)/atypical chronic myeloid leukemia (aCML)/myelodysplastic/myeloproliferative neoplasms 
unclassifiable (MDS/MPN-U)/chronic myelomonocytic leukemia (CMML). (A) Mosaic plot exhibiting recurrent mutations categorized by clinicopathologic diagnosis and pathway (adapted with permission 
from Zhang H et al. Blood. 2019;134:867-879). (B) Average number of mutations per patient (reproduced with permission from Zhang H et al).
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colleagues.7,8 The studies by Dr. Meggendorfer and collaborators hold that the frequency of 
specific gene mutations may help discriminate amongst the NMNs (Figure 2B). Their data 
suggest that mutations in SETBP1 are significantly enriched in aCML, whereas mutations in 
CBL in the context of monocytosis suggest a diagnosis of CMML. Both CMML and aCML 
share an enrichment for RAS pathway mutations while MDS/MPN-U and MDS/MPN with 
ring sideroblasts and thrombocytosis share increased frequency of JAK2 mutations. While 
enrichments for particular mutations may be seen in retrospective analyses, the danger of this 
approach from a diagnostic perspective is that all of the genes may be mutated in other entities 
as well.

Collectively, the findings from Dr. Zhang and colleagues challenge us to reconsider CMNs 
presenting predominantly with neutrophilia, including CNL, aCML, and MDS/MPN-U, as a 
spectrum of manifestations arising from a common set of genetic mutations (Figure 2C). This 
prompts two important questions: Are molecular constellations more prognostically useful 
than current clinicomorphologic diagnostic categories? Even more radically, do we need 
morphologic distinctions between the NMNs, especially ones that are poorly reproducible 
and challenging, in this new genomic era? While hematologic parameters and morphologic 
evaluation still comprise essential and predictive components of the diagnosis of neutrophilic 
neoplasms at present, it is difficult to envision a future in which genomics and other molecular 
analyses do not play an increasingly predominant role in governing the classification and 
management of these disorders. In one such example, Dr. Zhang and coauthors, and Dr. 
Robert Hasserjian in his associated commentary,9 have questioned whether CNL, technically 
categorized as an MPN, is not more molecularly similar to aCML and MDS/MPN-U and 
therefore more appropriately grouped with them. Moving forward, as in the case of the 
MPNs,4 we may discover new subcategories for NMNs defined by mutational architecture and 
orthogonal to traditional morphologic categories, or perhaps a more inclusive understanding of 
epigenomic, proteomic, and other changes will illuminate individualized presentations, clinical 
courses, and appropriate therapies in the future.
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Compare and contrast of the neutrophilic myeloid neoplasms (NMNs) with other chronic 
myeloid neoplasms (CMNs). (A) Schematic of common changes acquired in the differentiation 
and progression of chronic myeloid neoplasms (adapted from McClure RF et al. J Mol Diagn. 
2018;20:717-737). (B) Lumpers: comparison of the NMNs with myeloproliferative neoplasms 
(MPNs), myelodysplastic syndromes (MDS), and age-related clonal hematopoiesis (adapted from 
Zhang H et al. Blood. 2019;134:867-879). (C) Splitters: comparison between the NMNs (diagram 
derived from Meggendorfer M et al. Haematologica. 2018 May;103:e192-e195). CNL, chronic 
myeloid neoplasms; aCML, atypical chronic myeloid leukemia; CMML, chronic myelomonocytic 
leukemia; CNL, chronic neutrophilic leukemia; ET, essential thrombocythemia; MF, myelofibrosis; 
MPN-RS-T, MPN with ring sideroblasts and thrombocytosis; MPN-U, unclassifiable MPN; PV, 
polycythemia vera; SM, systemic mastocytosis.
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Research in pregnant females has been a daunting task due to the limitation in 
studies that can be completed in a population designated as “vulnerable” by 
governing research bodies. The irony of pregnant women being classified as 
“vulnerable,” thus obstructing rigorous research, is that such a culture results 
in more “experimentation” in how we approach pregnancy. This is particularly 

accurate for women with sickle cell disease (SCD), where our understanding 
of management and outcomes is exceptionally poor and fragmented. Pregnancy 

in SCD is a critical concern and requires immense attention to detail in the management of 
both mother and child. In this article, we will spotlight meaningful efforts undertaken this year to 
patch the gaps in our quilt of knowledge relating to both maternal and fetal management and 
outcomes of pregnancy in SCD. 

In a series of several unique papers, a common theme of disparities on outcomes among 
pregnant women with SCD emerged across several continents. In the United States, Dr. Evelyn 
Bae and colleagues compared post-partum outcomes in patients with and without SCD.1 This 
massive undertaking was a retrospective analysis of discharge data from almost seven million 
inpatient deliveries in California, Florida, New York, Maryland, and Kentucky during a seven-year 
span. Outcomes of interest were 30- and 90-day readmission rates, in hospital mortality, length 
of stay, and total hospital charges. And while the results of this study may be predictable, the 
degree of disparity is staggering. Pregnant women with SCD were found to be more than two 
times as likely to die in the hospital, 27 percent more likely to be readmitted 30 days post-partum, 
and 92 percent more likely to be readmitted 90 days post-partum. They also found longer lengths 
of stay, increase in hospital charges, and increased likelihood of post-partum complications 
compared to the non-SCD group. Beyond this, women with SCD were also found to have 
increased rates of sickle cell-associated complications, including deep venous thrombosis, urinary 
tract infections, sepsis/shock, supraventricular arrhythmias, cardiac arrest, myocardial infarction, 
stroke, pulmonary embolism, pneumonia, and acute renal failure. While there are limitations in 
using claims data to generate information, this study must be lauded for its expansive nature, 
and its ability to shed light on a mountain of disparities in outcomes of pregnant women with 
SCD. Dr. Bae’s study reminds us that the implementation of targeted strategies to narrow the 
outcomes gap between these groups of patients is critically overdue.

In Saudi Arabia, Drs. Yasmeen Haseeb and Nourah Al Qahtani completed the first study in 
pregnant women with SCD in the country.2 This retrospective cohort study done in the Eastern 
Province of Saudi Arabia identified 302 SCD patients and compared them to 600 pregnant 
women matched for age and parity over 10 years in a tertiary care teaching hospital. Their results 
highlight a higher complication rate among pregnant women with SCD. Hypertensive disorders 
and intrauterine growth restriction were the 
more common findings, with thromboembolism 
and stroke following. Both the use of Neonatal 
Intensive Care Unit services and still births 
were also increased compared to the control 
population.  

Similar poor outcomes were described by Dr. 
Siris Patel and colleagues in India, who undertook 
an eight-year retrospective study of pregnancy 
outcomes among women with SCD.3 This study 
found that about half of the total pregnancies 
were uneventful in that they did not have any 
painful events or history of blood transfusions or 
other medical or obstetric complications. Of the 
rest, one third of pregnancies had a history of painful events, just over one third of pregnancies 
required blood transfusion with an average hospitalization of 0.5 times per pregnancy besides 
during delivery. 

In perhaps the most sickle cell burdened area, Lagos, Nigeria, Dr. Ochuwa Babah, completed a 
prospective case-control study that compared women with SCD to women without SCD at two 
tertiary care centers in Nigeria.4 Vaso-occlusive crisis, pregnancy induced hypertension, urinary 
tract infection, and intrauterine growth restriction were more common. The incidence of low 
birth weight was 38 percent in HbSS and 4 percent in the non-SCD group, which once again, 
highlights the need for specialized care in this group of individuals. These studies underscored the 
fact that poor health outcomes among pregnant women with SCD appears to be a global problem.  

To tackle this mammoth problem, a brave team of investigators led by Dr. Michael DeBaun of 
Vanderbilt University along with colleagues in Ghana took on the challenge of addressing the 
substantial disparity in pregnancy outcomes with a prospective cohort study after implementation 
of a multidisciplinary care program.5 The first achievement is one of implementation of uniformity 
in care for pregnant women with SCD at the Korle-Bu Teaching Hospital, the largest tertiary 
care center in Ghana. The cases included pregnant women with SCD (HbSS or HbSC) and 
a comparison group of pregnant women without SCD or sickle cell trait attending the same 
antenatal clinic, matched for age and parity. All participants were followed during pregnancy 
and for up to six weeks post-partum. The implementation strategy was multipronged and 
included generation of buy-in of new treatment protocols from the Ghanaian team, creation of a 
multidisciplinary sickle cell-obstetric team, adaption of an environment that expected, supported 
and rewarded innovation, and the development of a communication system to discuss patients. 
The new approach to obstetric care allowed the team to identify high-risk SCD patients and 
generate a blueprint for closer follow-up, initiation of incentive spirometry (innovatively using latex 
balloons), clear identification and delineation of vaso-occlusive pain episodes and acute chest 
syndrome, routine evaluation for malaria, and widespread testing for SCD in all newborns in 
the cohort. During a 20-month period, 152 pregnant women with SCD (HbSS, 55; HbSC, 97) 
and 122 pregnant women without SCD were enrolled. The standardized multidisciplinary care 
approach reduced maternal and perinatal mortality rates among pregnant women with SCD by 
about 90 percent. There were only two deaths in the SCD group (acute chest syndrome and 
pulmonary embolism) and this was comparable to the outcomes among pregnant women without 
SCD (one death: anesthesia related complications). 

This impressive study demonstrated that implementation of low-technology strategies in a low-
resource environment result in the dramatic reduction of high prenatal and perinatal maternal 
mortality rates in SCD that were essentially decreased to levels comparable to women without 

It is imperative that we 
acknowledge the disparity 
in outcomes in pregnant 
women with SCD and work 
as a community to drive 
forward with higher quality 
and rigor in our care of 
these patients. 
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Frontline CLL Options: An Embarrassment 
of Riches?
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In the past year, four highly important studies have been published each 
evaluating novel targeted agents for not-yet-treated chronic lymphocytic 
leukemia (CLL).1-4 Three of the trials tested ibrutinib-based combinations 
against standard immunochemotherapy. What made these trials important 
was the fact that ibrutinib went head-to-head against highly effective 

standards, rather the stacked-deck approach of comparing to an outdated 
regimen of of chlorambucil monotherapy. The fourth trial evaluated a venetoclax-

based combination. Let’s briefly review the four trials and synthesize what we have learned.

The ILLUMINATE trial randomized older patients with CLL to either ibrutinib-obinutuzumab 
or chlorambucil-obinutuzumab. The obinutuzumab and the chlorambucil were administered 
for six months while the ibrutinib was administered indefinitely. The likelihood of remaining in 
remission at 2.5 years was substantially higher in the ibrutinib arm (79% vs. 31%). The U.S. 
intergroup trial A041202 randomized older patients with CLL to either ibrutinib or ibrutinib-
rituximab or bendamustine-rituximab (BR). BR was administered for six cycles while ibrutinib 
was administered indefinitely. The likelihood of remaining in remission at two years was 
substantially higher in either ibrutinib-containing arm (87% vs. 74%). The addition of rituximab 
did not enhance the efficacy of ibrutinib. The US intergroup trial EA1912 randomized younger 
CLL patients to either ibrutinib-rituximab or the fludarabine-cyclophosphamide-rituximab (FCR) 
regimen. FCR was administered for six cycles while ibrutinib was administered indefinitely. 
The likelihood of remaining in remission at three years was substantially higher in the ibrutinib-
containing arm (89% vs. 73%).

Take homes? The Alliance trial teaches us that rituximab does not seem to improve the efficacy 
of ibrutinib. Whether this lack of benefit also holds true for obinutuzumab is unclear, as none 
of these trials addressed that question. However, a separate trial (ELEVATE) presented at 
the 2019 ASH Annual Meeting does suggest that obinutuzumab can increase the efficacy 
of Bruton tyrosine kinase inhibitors. Going forward, it seems reasonable to incorporate 
obinutuzumab with ibrutinib in the frontline setting.

Another teaching point from these three trials comes from a breakdown in outcome data by 
IgVH status. Immunochemotherapy typically performs far less well in IgVH unmutated CLL, and 
ibrutinib-based therapy is substantially more efficacious in this subgroup of patients. However, 
when analyzing the data in IgVH-mutated patients, the immunochemotherapy options perform 
very similarly to ibrutinib-based therapy, making these options worth discussing with IgVH-
mutated patients.

A potential drawback to ibrutinib-based therapy is the need for continuous therapy. While 
ibrutinib is generally well tolerated, some patients experience vexing chronic toxicities, which 
can impair quality of life. Additionally, it is expensive, and the monthly copays can create 
financial strain. For these reasons, many research groups have been anxious to develop time-
limited therapies using novel targeted agents, which brings us to the fourth trial. The CLL 
14 trial conducted by the German CLL study group randomized older CLL patients to either 
venetoclax-obinutuzumab or chlorambucil-obinutuzumab. The obinutuzumab was administered 
for six months in each arm while the venetoclax and the chlorambucil were administered for 12 
months. The likelihood of remaining in remission at two years was substantially higher in the 
venetoclax-obinutuzumab arm (88% vs. 64%).

So, when you see your next patient with CLL who is in need of frontline treatment, what should 
you offer? I find myself describing ibrutinib-obinutuzumab and venetoclax-obinutuzumab, 
attempting to address the pros and cons of each. It gets even more complicated for the IgVH-
mutated patients, as I feel obligated to also describe an immunochemotherapy option. Often 
patients will declare their preference, and since none of these options have been compared 
head-to-head, I am happy to let patient preference break a tie. 

SCD. The cohort study identified several key themes: women with SCD had increased rates of 
preeclampsia, hospitalization for malaria, preterm births and low birthweight infants; preeclampsia 
and low body mass index (BMI) is associated with preterm birth and low birthweight in women 
with SCD; and compared to HbSC, pregnant women with HbSS had higher rates of perinatal 
morbidities. Furthermore, the study showed that preeclampsia, low BMI, and HbSS phenotypes 
were associated with premature delivery (< 37 weeks) in women with SCD. 

In summary, while the therapeutic landscape of SCD is rapidly moving towards a zenith, there 
remain many gaps in our ability to provide comprehensive care to individuals with SCD. In 
2019, the data that have been presented to us by colleagues worldwide are consistent and 
sobering; it is imperative that we acknowledge the disparity in outcomes in pregnant women 
with SCD and work as a community to drive forward with higher quality and rigor in our care 
of these patients. If there is one crucial theme to consider, it is that revolution does not entail 
extravagant and convoluted methodologies but rather clear and consistent change, as a team 
of dedicated individuals brought to Ghana. In a country without updated and comprehensive 
guidelines on pregnancy in SCD, perhaps this snapshot will serve as a reminder that change is 
needed right here at home.
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One way to simplify things is to participate in the two ongoing U.S. intergroup trials building 
off the success of the recent studies. EA9161 is designed for younger CLL patients 
(NCT03701282). The standard arm is ibrutinib-obinutuzumab given in the usual fashion. The 
experimental arm is a triplet of ibrutinib-obinutuzumab-venetoclax given in a time limited fashion. 
AO41702 is designed for older CLL patients and is similar in that it uses the same control arm 
(NCT03737981). The experimental arm uses the same triplet drug combination, but therapy 
discontinuation is based upon the results of planned minimal residual disease testing. Both 
trials are open and accruing briskly. 

It is wonderful to see the U.S. cooperative group system working so well to both improve 
outcomes for CLL patients while establishing cost-effective and patient-friendly treatment 
paradigms.
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Ongoing Trials Focusing on Time-Limited Therapy
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Stratifications 

Age: <65 yr vs ≥ 65 yr 
and <70 yr

PS: 0, 1, vs 2

Stage: 0, 1, or 2 vs 3, 4

Del11q22.3 vs others

Arm A
Ibrutinib: Cycles 1-19:  
D1-28 420mg PO daily

Obinutuzumab: Cycle1: D1:100mg IV,  
D2: 900mg IV, D8: 1000mg IV,  
D15: 1000mg IV, Cycles 2-6: D1 
1000mg IV

Venetoclax: Cycle 3: D1-7 20mg PO 
daily, D8-14 50mg PO daily, D15-21 
100mg PO daily, D22-28 200mg PO 
daily, Cycles 4-14: D1-28 400mg PO daily

Arm B
Ibrutinib: Cycles 1-19+:  
D1-28 420mg PO daily

Obinutuzumab: Cycle 1: D1:100mg IV,  
D2: 900mg IV, D8: 1000mg IV,  
D15: 1000mg IV; Cycles 2-6:  
D1 1000mg IV

EA9161 Schema
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Myeloma is consistently preceded by a precursor state that is characterized 
by a paraprotein — an excess of a monoclonal immunoglobulin or light 
chain in the serum. The clinical spectrum of this plasma cell disorder 
extends from asymptomatic monoclonal gammopathy of undetermined 
significance (MGUS) at one end, to symptomatic myeloma at the other, 

characterized by hypercalcemia, renal failure, anemia, and bone lesions. This 
pathological spectrum can be divided further into two groups — above and 

below a bone marrow plasma cell burden of 10 percent (and/or > 3 g/dL monoclonal serum 
protein); when above that burden, myeloma becomes clinically apparent. In the absence 
of symptoms, this state is classified as smoldering multiple myeloma (SMM) to reflect the 
propensity of the condition to ignite into active, symptomatic myeloma.1 SMM may be further 
subdivided into groups at high and low risk of progression.2 The current standard of care is 
to monitor for the development of myeloma-defining events when the balance of risk of drug 
toxicity is outweighed by the benefits of therapy. Although pragmatic, this approach may feel 
unsatisfactory to clinicians and patients alike, with some arguing that intervention should take 
place before organ damage has occurred, but not so early as to expose patients to adverse 
effects unnecessarily?

The first major trial to assess intervention in SMM was performed by the PETHEMA group 
and published in 2013.3 A treatment arm of lenalidomide and dexamethasone was compared 
to observation alone in a cohort of patients considered to be at high risk of progression to 
myeloma. Results demonstrated a two-year progression-free survival (PFS) of 92 percent in the 
treatment arm compared to 30 percent in the observation arm. This was perhaps not surprising 
given the effectiveness of lenalidomide and dexamethasone as treatment. Additionally, however, 
overall survival (OS) increased from 76 percent in the observation arm to 93 percent with 
treatment during the reported follow-up period. For the first time, researchers showed that 
the natural history of precursor states to myeloma could be modified by starting therapy 
prior to the onset of end-organ damage. However, the study has not altered mainstream 

Figure

Abbreviatons: D, day; IV, intravenously; PO, by mouth; PS, ECOG performance score.
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practice for numerous reasons. As suggested by the approximate one in four mortality rate 
in the observation arm, the trial may in part reflect high-risk disease close to active myeloma, 
obscuring the effect on treating lower-risk SMM.

To address these concerns, Dr. Sagar Lonial and colleagues4 performed a randomized, 
open-label, multicenter phase III trial that compared oral lenalidomide (25 mg) to observation 
across all risk groups of progression in SMM. The design of the trial made use of current 
diagnostic criteria for myeloma, and the primary end point was PFS, which was defined as 
time from random assignment to symptomatic myeloma. Lenalidomide therapy seemed to be 
safe but was not always well-tolerated. Twenty-nine of 88 patients discontinued therapy owing 
to adverse events or patient preference. By three years of follow-up, PFS was 91 percent 
in the lenalidomide arm compared to 66 percent in the observation arm. This equates to a 
cumulative incidence of myeloma of 7 percent in the lenalidomide arm versus 32 percent in 
the observation arm at three years from random assignment. In terms of OS, no benefit was 
observed, in contrast to the earlier trial. This may be expected, as the trial recruited patients 
with lower-risk SMM, as demonstrated by the greater PFS in the observation arm.

The data presented by Dr. Lonial and colleagues build on earlier observations to show that 
the natural history of myeloma can be altered by early intervention. The evidence from this 
randomized trial may be used in the clinic to counsel patients who are presented with the 
challenging diagnosis of SMM. The trial by Dr. Lonial and colleagues clearly demonstrates, in 
a well-characterized group of patients with SMM, that the progression to active disease may 
be delayed as well as avoiding some end-organ damage. The effect on OS remains uncertain 
to date. 

However, many questions remain to be answered before we change our standard of practice 
to treat patients with high-risk SMM. It is unknown whether therapy with single-agent 
lenalidomide drives the selection of insensitive subclones of malignant plasma cells and if 
so, what the effect on OS might be. Another question is whether response rate and minimal 
residual disease are critical as end points in SMM. In the study by Dr. María-Victoria Mateos 
and colleagues, PFS correlates with response, but the study by Dr. Lonial and colleagues 
indicates that lenalidomide as a single agent without dexamethasone may be acting as 
immunotherapy that controls the disease burden and improves PFS in the absence of a deep 
response. It opens the question as to whether immunotherapy should be the ultimate therapy 
in this group of patients. Furthermore, both studies used very different inclusion criteria for 
SMM, and we need better clinical-genomic markers that can predict more accurately the rate 
of progression in SMM. 

Although these two large randomized studies have changed the concept of watch-and-wait 
by moving the needle towards early therapeutic intervention, they have not definitively proved 
that lenalidomide with or without dexamethasone are the best therapeutic approaches for a 
patient with high-risk SMM. Until a more successful approach is shown in clinical trials, the 
current standard of care in SMM remains observation with initiation of therapy at the earliest 
opportunity with triplets or possibly quadruplets of drugs. 

The future of prevention of progression of SMM is likely to require an entirely novel approach. 
This should include 1) better prognostic markers that truly identify patients at high risk, 2) 
precision intervention with approaches according to the different biological and immune 
subtypes of SMM, 3) immunotherapeutic approaches that could restore immune surveillance 
to help long-term control of the malignant clone, 4) non-toxic and non-continuous therapies 
that do not lead to clonal selection and long term toxicity, and 5) a potential to eradicate the 
clone at its earliest progenitor state. Such approaches may indeed lead to a potential cure in 
MM by an earlier therapeutic intervention. Adequately powered trials of targeted interventions 
are required to answer these questions for patients. 
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For many years, most childhood cancers, including leukemias have been 
largely considered unfortunate infrequent events that are not inherited. 
Numerous rare syndromes have been demonstrated to predispose children 
to leukemia, including Li-Fraumeni syndrome (LFS), constitutional mismatch 
repair deficiency (CMMRD), Fanconi anemia, Bloom syndrome, ataxia-
telangiectasia, neurofibromatosis type 1, and Noonan syndrome.1 The 

mechanisms for tumorigenesis are different with each of these disorders, leading 
to disease-specific screening guidelines for affected patients.2,3 Moreover, most of these 
predisposition syndromes have comorbid disease manifestations and/or family histories with 
high cancer penetrance. The three-year-old with a history of frequent life-threatening infections 
who develops leukemia is observed differently than the three-year-old with no significant past 
medical or family history. 

As we have entered a genomic age that includes more frequent sequencing of tumor and 
germline DNA, it has become apparent that genetic predisposition to childhood cancer is 
more common than previously realized. For example, several single-gene disorders have been 
recognized as the cause of variably penetrant acute lymphocytic leukemia (ALL) predisposition 
syndromes. These include germline mutations in ETV6, IKZF1, and PAX5, among others.2,3 
While the prevalence of these syndromes is individually rare, screening is often recommended 
to include interval complete blood counts and/or bone marrow (BM) biopsy, and these 

Similarities and differences in genetic predisposition to ALL between B- and T-lineage.
The association between genotype and ALL was evaluated by using a logistic regression model 
for GWAS hits reported previously in B-ALL (i.e., ARID5B [rs10821936], IKZF1 [rs11978267], 
CDKN2A/B [rs11978267], IKZF3 [rs17607816], PIP4K2A [rs7088318], 8q24.21 [rs28665337], 
TP63 [rs17505102], SP4 [rs2390536], GATA3 [rs3824662], LHPP [rs35837782], ELK3 
[rs4762284], CEPBE [rs2239633], and 2q22.3 [rs17481869]) or newly identified in T-ALL 
(i.e., USP7 [rs74010351]) in 1,191 T-ALL cases (COG AALL0434 and St. Jude Total Therapy 
XVI protocols) vs. 12,178 unrelated non-ALL controls (HRS), and 1,824 B-ALL cases (COG 
P9904/9905/9906) vs. 5,518 unrelated non-ALL controls (MESA). The locus specifically significant 
(P < 0.1) in T-ALL was marked in red, with B-ALL marked in blue and common marked in green. ALL, 
acute lymphoblastic leukemia; COG, Children’s Oncology Group; HRS, Health and Retire Study; 
MESA, Multi-Ethnic Study of Atherosclerosis.
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XVI protocols) vs. 12,178 unrelated non-ALL controls (HRS), and 1,824 B-ALL cases (COG
P9904/9905/9906) vs. 5,518 unrelated non-ALL controls (MESA). The locus specifically
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Health and Retire Study; MESA, Multi-Ethnic Study of Atherosclerosis.
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patients are recommended to follow with a cancer predisposition or BM failure program for 
surveillance.1

Additionally, throughout the past decade, genome-wide association studies (GWAS) have shed 
some light on constitutional cancer predisposition to childhood ALL, identifying further regions 
of germline variation. Studies identified and confirmed susceptibility loci in ARID5B, IZKF1, 
CEBPE, BMI1, and CDKN2A/2B.4-9 In addition to confirmation of some of the aforementioned 
predisposition genes and loci, novel predisposing loci were uncovered in several more recent 
GWAS, such as 17q21 (including IKZF3) and 8q24.21.10,11 Certain variants also segregate 
to specific subtypes of ALL, such as TP63 in ETV6-RUNX1 fusion-positive B-cell ALL (B-ALL) 
and PIPK2A in hyperdiploid B-ALL.6,11,12 While some of these polymorphisms create leukemia 
risk in all patients, others, such as ARID5B, have increased prevalence in certain racial and/or 
ethnic groups.13

ALL can be subdivided into two major immunophenotypes, B- and T-cell ALL (T-ALL), and most 
of the predisposition studies have been performed in B-ALL patient cohorts. The germline 
contributors to T-ALL risk are not as well described. Enter the recent GWAS published by Dr. 
Maoxiang Qian and colleagues. This research identified strong associations that were distinct 
from those previously identified in B-ALL.14 By analyzing single-nucleotide polymorphisms 
(SNPs) in 1,191 T-ALL germline samples for susceptibility loci, investigators discovered 
results distinct from those previously identified in B-ALL or larger pan-ALL cohorts. This was 
particularly true for transcription factor genes associated with B-ALL risk such as GATA3, and 
less so for tumor suppressors such as CDKN2B.

Notably, the GWAS of Dr. Qian and colleagues identified the USP7 locus as a novel risk factor 
in African-American patients with T-ALL; it was also noted to segregate with TAL1 somatic 
changes, with a germline or somatic change in USP7 occurring in more than half of TAL1 T-ALL 
cases. The USP7 locus has been previously identified as somatically mutated in 12 percent of 
T-ALL cases.15 Of the identified SNPs, half clustered to the transcription start site, overlapping 
with histone modification sites and open chromatin segments, and the other half were intronic, 
suggesting changes in transcriptional regulation at the root of the increased leukemia risk. When 
cases of B-ALL were included in analysis of this GWAS data, USP7 was the only risk allele 
specific to T-ALL, whereas CDKN2A/B, ARID5B, IKZF3, PIP4K2A, and 8q24.21 were specific 
to neither B-ALL nor T-ALL (Figure). Although further study with a larger sample size is needed, 
this study by Dr. Qian and colleagues points to lineage-specific leukemia predisposing loci. 

While these GWAS results point to certain susceptibility loci that increase risk for childhood 
leukemia, it is more difficult to translate this into practical application for individual patients, 
especially given the low penetrance of some of these variants and the lack of understanding 
of mechanism of cancer susceptibility in most cases. As germline testing for low penetrance 
variants has thus far been limited to the research setting, it is important to conduct further 
studies into the germline incidence of these changes in the pediatric leukemia population. 

Germline predisposition for childhood leukemia has been increasingly recognized as an inciting 
factor in many childhood malignancies. Large GWAS of germline changes in these patients 
contribute to the field by providing a better understanding of the germline landscape of 
these disorders, including low-penetrance, higher-prevalence genetic variants that contribute 
to risk. Moving forward, further defining the prevalence and pathogenesis of these variants 
will be crucial to risk-stratifying children and conducting appropriate leukemia surveillance. 
A major question is whether this is just the tip of the iceberg. The effects of variants in the 
epigenome and in noncoding areas of the genome on predisposition have yet to be rigorously 
studied. Also, some academic centers are now performing more comprehensive genomic 
profiling on tumor and germline DNA in newly diagnosed patients with cancer. This practice 
will become more commonplace as technologies continue to improve and cost continues 
to drop, raising ethical and genetic counseling concerns regarding the impact of identifying 
novel or poorly defined variants on patients and their families. Finally, a better understanding 
of the mechanism(s) of leukemia predisposition of variants and risk loci will advance our 
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Mapping Functional Susceptibilities in AML
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Acute myeloid leukemia (AML) is characterised by recurrent genetic driver 
mutations that cluster in a non-random manner and define prognosis. These 
patterns of mutation clusters have led to the hypothesis that discrete 
mutational clusters, for example, signalling molecular activation and dominant 
negative impairment of transcription factor function, can collaborate to induce 

AML. Epigenetic lesions are among the most frequent clusters associated 
with AML and lead to changes in DNA methylation or histone modifications, 

resulting in broad changes in gene expression. 

For the 2019’s Year’s Best, we have chosen to recognise important functional genetic work 
that illuminates how mutations in AML contribute to leukemogenesis, providing rationale for 
precision-based therapies aimed at specific disease biology. Mutations in splicing factors 
such as SF3B1 or SRSF2 are thought to be rare in de novo AML but are more common 
in myelodysplastic syndrome (MDS) and AML arising from MDS. Each splicing gene has 
relatively specific effects on RNA splicing and recognise different intron-exon boundaries. Dr. 
Akihide Yoshimi and colleagues1 examined splicing in large cohorts of AML and unexpectedly 
found a significant percentage of patients who have aberrant splicing characteristic of SRSF2 
mutations (SRSF2mut), even though many of these patients had not been initially noted to have 
SRSF2mut. Working backwards from the RNA sequencing data, they were able to identify 
SRSF2mut within a significant percentage of AML transcriptomes, that there was a significant 
correlation between SRSF2mut and IDH2mut, and that this combination conferred an adverse 
prognosis. 

Subsequently, through use of human data and extensive and elegant mouse model systems, 
the researchers were able to show potent cooperativity between IDH2mut and SRSF2mut, 
leading to acceleration of myeloid disease. Mechanistically, IDH2mut led to 2-hydroxyglutarate 
accumulation and inhibition of a variety of epigenetic enzymes including TET2. DNA cytosine 
methylation, regulated in part by TET2, is an important promoter regulation but also controls 
splice site recognition and RNA-polymerase II (RNA-Pol II) mediated transcriptional elongation. 
Here, Dr. Yoshimi and colleagues were able to bring together the effect of seemingly distinct 
biologic pathways and demonstrate potent interaction at the level of DNA methylation, splice 
site choice, RNA-Pol II transcriptional elongation, and consequent functional effects on the 
integrator complex through aberrant splicing of INTS3. Finally, they were able to show that 
aberrant INTS3 splicing is seen in several subtypes of AML but is not seen in normal bone 
marrow or in other forms of cancer. Moreover, aberrant INTS3 splicing could be partially 
rescued by treatment with a DNA methyl transferase inhibitor. 

These data are important because they demonstrate that cooperative mutational patterns are 
driven by underlying biologic synergies. Understanding these biologic mechanisms enables 
clinicians to functionally subclassify AML groups and moves beyond pattern recognition of 
AML mutations in disease prognostication. This functional understanding will help develop a 
map detailing mechanism-driven precision therapeutic approaches to improve survival (Figure). 
These biologic insights pave the way for novel therapeutic classes, such as modulators of 
aberrant splicing, to be used in specific subgroups of MDS or AML, perhaps in combination 
with DNA methyl transferase inhibitors. 

An honorable mention goes to the work of Dr. Steffen Boettcher and colleagues, who in a similar 
careful manner functionally characterized a curated number of missense and truncated variants 
of TP53 in AML and MDS.2 Using elegant CRISPR-Cas9 gene editing techniques, researchers 
observed that these mutations have a dominant-negative effect with loss of DNA binding after 
DNA damaging agents, and importantly do not appear to lead to gain of function. Clinically, these 
mutations cause chemotherapy resistance and dismal long-term outcomes for patients. It follows 
that improving outcomes for these patients will require therapeutic approaches to counter the 
dominant negative effect of mutant TP53, to restore the normal DNA damage response.

Biological insights into disease pathogenesis and uncovering genetic susceptibilities may help to develop a 
precision-medicine map to guide physicians treat acute myeloid leukemia. MDS, myelodysplastic syndrome.

Figure

Precision medicine approaches have revolutionized the treatment of monogenic diseases 
such as chronic myeloid leukemia; however, similar success in targeting oncogenic drivers 
has not been realised in AML where multiple pathways and multiple mutations to genes with 
variable functional outcome are involved. These refined mechanistic studies reveal cooperativity 
in oncogene mutation and functional impact, helping to deconvolute the steps to leukemic 
transformation while providing a map to rationally intervene therapeutically and subvert the 
function of leukemogenic mutations.

Another honorable mention for AML therapy is for a late breaking abstract presented at the 
2019 ASH Annual Meeting. In the QUAZAR AML-001 study, Dr. Andrew Wei and colleagues 
have used an oral version of azacitidine (CC486) as maintenance therapy in patients who 
have achieved remission after induction and consolidation chemotherapy for AML.3 In a 
predominantly elderly population, CC-486 maintenance led to improved overall survival (24.7 
vs. 14.8 months vs. placebo, p=0.0009), albeit without an apparent plateau in the survival 
curves. It appears likely that this study will define a new standard of care for elderly patients 
with AML. Taken together these papers significantly advance our understanding of functional 
genetics driving AML disease biology and add to a promising and evolving range of therapeutic 
options which will ultimately improve survival and outcomes for patients with MDS and AML.
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understanding of overall leukemogenesis, raising the hope of not only better cures but also 
preventative strategies.
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Researchers specializing in myeloid diseases have long sought better biologic 

understanding in TP53-mutated disease in hopes of future refinement to our 
therapeutic algorithms. TP53-mutated myelodysplastic syndrome (MDS) 
accounts for 5 to 10 percent of de novo MDS and 20 to 30 percent of 
therapy-related MDS and defines a cohort of patients with particularly poor 

prognosis1 and very short survival even following transplantation.2 Patients with 
TP53-mutated MDS have inferior survival when treated with traditional treatments 

such as intensive chemotherapy or hypomethylating agents (HMA).3  Similar to analogous 
malignant diseases (consider HER2-mutated breast cancer or Philadelphia chromosome–
positive acute lymphoblastic leukemia) where targeting the specific genetic alterations led to 
impressive improvement of survival, p53-targeted or directed therapy has been a goal. However, 
for this to be a reasonable approach in a patient, it has been thought necessary to have a better 
comprehension of if and how gain-of-function oncogenesis was associated with the mutation. 
Gain of function can be interrupted and implies a druggable target. This past year has truly seen 
an expansion of our scientific knowledge potential for those with TP53-mutated MDS; we can 
perhaps leave behind the therapeutic nihilism long-associated with TP53-mutated disease. 

In 2019, Dr. Steffen Boettcher and colleagues demonstrated that TP53 missense mutations 
(the most common type of TP53 mutations in myeloid neoplasms) have a dominant negative 
effect; thus, they provide selective advantage to acute myeloid leukemia (AML) cells in 
DNA damage.4 The authors showed that the sensitivity of isogenic AML lines carrying 
TP53 missense mutations to daunorubicin and nutlin-3a is similar to the TP53–/– cell line.4 
Interestingly, missense TP53 mutations led to suppression of p53 transcriptional activity, 
especially related to apoptosis and cell cycle regulation upon DNA damage.4 A saturation 
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mutagenesis screen developed by introducing TP53-mutant cDNAs into a TP53–wild-
type AML line showed that missense mutations in the DNA-binding domain were enriched 
for dominant negative activity.4 Finally, AML cell lines with one missense mutation and one 
wild-type TP53 allele outcompeted cells with wild-type TP53 in co-culture assays, while 
hematopoietic stem cells with TP53 missense mutations transplanted to mice outcompeted 
those with one null allele following sublethal radiation.4 These results support findings that 
TP53 missense mutations exhibit a dominant negative effect upon DNA damage, but offer no 
clear evidence that they have a gain-of-function effect.

This finding was further supported by the results from the clinic of Dr. Detlef Haase and 
colleagues who presented compelling evidence that the effect of these mutations on survival 
is probably less deleterious compared to more disruptive mutations such as frameshift or 
nonsense mutations.5 The authors also showed that even among patients with MDS with 
complex karyotype, TP53 mutation presence is associated with worse survival.5 Interestingly, 
TP53-mutated patients had fewer additional somatic mutations but higher frequency of 
high complexity and monosomal karyotype.5 These clinical results highlight the strong and 
independent negative impact of TP53 mutations in the outcomes of MDS.

The absence of gain-of-function effect of TP53 mutations supports the finding that drugs 
designed to inhibit mutated p53 will not be as effective as trastuzumab in the treatment of breast 
cancer or BCR-ABL inhibitors in acute lymphocytic leukemia, respectively. On the contrary, 
agents that stabilize p53 and reverse the negative effect of the missense mutations, and the 
survival benefit that they provide to leukemia cells will be more promising for our patients.

In past years, we have seen examples of inhibitors of negative regulators of p53 demonstrate 
objective clinical responses, but we must recall that their activity requires functional p53. More 
promising is a newer agent, APR-246. This is a prodrug converted to methylene quinuclidinone 
that binds to cysteines of mutant p53, stabilizes it, and then promotes the reconformation 
of the protein, thereby inducing apoptosis and cell cycle arrest selectively in cancer cells 
carrying TP53 missense mutations.6 Based on the encouraging results of a phase Ib study,7 the 
combination of this agent with azacytidine was evaluated in HMA-naïve AML and MDS cases 
in two multi-institutional studies, and their results were presented at the 2019 ASH Annual 
Meeting. Dr. Thomas Cluzeau and colleagues reviewed their overall response rate (ORR) of 
63 percent, 47 percent complete remission (CR) among 53 patients and 100 percent TP53 
negativity among the ones who achieved CR.8 Dr. David A. Sallman of Moffitt Cancer Center 
led the U.S. MDS Clinical Research Consortium in a clinical trial that showed 87 percent ORR 
with 53 percent CR among 55 patients, while 39 percent of them achieved next-generation 
sequencing negativity.9 Importantly, the decrease of TP53 variant allele frequency, which 
correlates with survival outcomes in this subgroup of MDS,5 suggests that APR-246 can 
reverse the dominant negative effect of TP53 missense mutations. 

These exciting findings suggest that APR-246 has a promising effect in TP53-mutated myeloid 
diseases in 2019. This excitement will be carried forward via the ongoing phase III trial of APR-246 
plus azacytidine versus azacytidine alone in patients with TP53-mutated MDS (NCT03745716) and 
a phase II trial of this combination following allogeneic stem cell transplantation (NCT03931291) 
as maintenance therapy. Our hope is that reversal of the dominant negative effect of the TP53 
mutations could provide a survival benefit to MDS patients, similar to the great benefit that 
biologically rational therapeutic design has shown in other malignancies. 
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This year we saw the U.S. Food and Drug Administration (FDA) approval 
of antibody-drug conjugates in combination with chemotherapy for both 
relapsed/refractory (R/R) diffuse large B-cell lymphoma (DLBCL) and for 
previously untreated CD30+ peripheral T-cell non-Hodgkin lymphoma (T-NHL), 
marking practice changing therapy for two diseases with limited therapeutic 

options. Polatuzumab vedotin, an anti-CD79b antibody with a monomethyl 
auristatin E (MMAE) payload, was combined with bendamustine and rituximab 

(BR) and compared with BR alone in DLBCL, with an improvement in not only response rates 
and duration of response, but also overall survival (OS).1 Brentuximab vedotin, an anti-CD30 
antibody also conjugated to MMAE and previously approved by the FDA for the treatment of R/R 
Hodgkin lymphoma and R/R anaplastic large-cell lymphoma (ALCL), was combined with CHP 
(cyclophosphamide, doxorubicin, prednisone) and compared with CHOP (cyclophosphamide, 
doxorubicin, vincristine, prednisone) in previously untreated CD30+ T-NHL; the novel combination 
similarly demonstrated an improvement in both progression-free survival (PFS) and OS compared 
with the previous standard of care.2 These studies further solidify this class of therapies in our 
anti-cancer armamentarium and improve outcomes for lymphoma populations with unmet needs.

Chemotherapy-resistant DLBCL, as defined by insufficient response or relapse after two or 
more lines of chemoimmunotherapy, has limited treatment options. Before the approval of anti-
CD19 chimeric antigen receptor T-cell (CAR-T) therapy for these lymphomas, the best options 
yielded responses in fewer than one-quarter of patients, and median OS was approximately 
six months. CAR-T therapy has improved options for some, but not all, of these patients. 
CAR-T therapy takes time to manufacture the cells and has a unique toxicity profile, which can 
limit application to patients without rapidly proliferative disease or significant comorbidities. 
Furthermore, not everyone responds to CAR-T therapy, and up to 20 to 30 percent of patients 
who do respond subsequently relapse. So, there is still work to be done. Given the activity of 
polatuzumab monotherapy and polatuzumab combined with anti-CD20 antibody therapy in 
R/R DLBCL, polatuzumab combined with BR (pola-BR) was compared with BR alone in a 
pivotal randomized phase II study following a phase Ib safety run-in of six patients treated with 
pola-BR. Eighty patients were randomized in a 1:1 manner, and 39 patients were treated in 
each arm. The groups were evenly matched by age, performance status, cell of origin, stage, 
and International Prognostic Index (IPI). Overall and complete response rates were superior 
following pola-BR compared with BR alone (70% vs. 33% and 58% vs. 20%, respectively). 
Responses were more durable following pola-BR (12.6 months vs. 7.7 months), and both 
median PFS and OS were improved as well (PFS, 9.5 months vs. 3.7 months; OS, 12.4 
months vs. 4.7 months, respectively). These benefits of pola-BR over BR were seen across all 
risk groups where there were adequate numbers to study. Grade 3 or higher cytopenias were 
more common following pola-BR, but rates of febrile neutropenia were similar. There was a 
considerable increase in peripheral neuropathy with the addition of polatuzumab (44% vs. 8%), 
but this was all grade 1 or 2. Based on these results, the FDA granted approval of pola-BR for 
R/R DLBCL in the third line and beyond in June of  2019. A double-blind randomized trial of 
polatuzumab in combination with rituximab-CHP compared with rituximab-CHOP for previously 
untreated DLBCL has completed approval, and we await the results to learn if this drug may 
be the first since the addition of rituximab to CHOP to improve outcomes following frontline 
therapy for the most common lymphoma diagnosed in the United States and Europe.

T-NHL represents a heterogeneous collection of diseases, the majority of which have very low 
cure rates and relatively short survivals. Much of our current strategy in treating these lymphomas 
is based on what we have learned from B-cell NHLs, but deeper analysis of the molecular and 
genetic underpinnings of these diseases is sure to improve outcomes going forward. Brentuximab 
vedotin is approved as a single agent for the treatment of R/R ALCL as well as previously untreated 
CD30+ peripheral T cell lymphoma. Following a successful phase I study combining brentuximab 
with CHP chemotherapy in previously untreated CD30+ T-NHL, the randomized, double-blind 
phase III ECHELON-2 study was conducted.2 Patients with tumors with at least 10 percent 
positivity for CD30 were included and randomized to brentuximab vedotin plus CHP (A-CHP) or 
CHOP in a 1:1 manner. In total, 452 patients were randomized, and 226 patients were treated 
in each arm. The groups were well matched by performance status, T-NHL subtype, disease 
stage, and IPI. Response rates were improved following A-CHP (overall response, 83% vs. 72%; 
complete response, 68% vs. 56%), but more importantly, PFS and risk of death were improved as 
well (median PFS, 20.8 months vs. 48.2 months; risk of death hazard ratio, 0.66; 95% CI, 0.46-
0.95). The biggest survival benefit was seen among the 98 patients with ALK+ ALCL, followed by 
the 218 patients with ALK- ALCL; other T cell histologies did not seem to show a similar benefit. 
Additionally, patients with IPI 4 to 5 did not seem to benefit significantly nor did patients with a 
performance status greater than 1. Rates of grade 3+ adverse events were similar in each arm 
overall, but patients receiving A-CHP had higher rates of diarrhea and vomiting. Rates and grades 
of peripheral neuropathy were similar between groups. Although brentuximab is now FDA approved 
in combination with CHP for the front-line treatment of CD30+ T-NHL, the group that derives 
the maximum benefit from A-CHP overlaps with the group that benefits most from CHOP plus 
etoposide, and so it is unclear how practice changing or permeating this regimen will become.

Although antibody-drug conjugates have led to substantive improvements for multiple cancer 
types ranging from solid tumors to hematologic malignancies, it is not clear that we understand 
exactly how they work. They are likely to work by additional mechanisms than those for which 
they were designed, but whether these mechanisms are consistent across this class of drugs or 
specific to the tumor target and/or payload remains to be discovered. Understanding how these 
drugs work will be pivotal to understanding how best to combine and sequence them to further 
improve outcomes in cancers and patients with limited options.

1. Sehn LH, Herrera AF, Flowers CR, et al. Polatuzumab vedotin in relapsed or refractory diffuse large B-cell lymphoma. J Clin 
Oncol. 2019; doi: 10.1200/JCO.19.00172. [Epub ahead of print]. 

2. Horwitz S, O’Connor OA, Pro B, et al. Brentuximab vedotin with chemotherapy for CD30-positive peripheral T-cell 
lymphoma (ECHELON-2): a global double-blind, randomized, phase 3 trial. Lancet. 2019;393:229-240.
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Thromboprophylaxis Trials for Ambulatory 
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Are They Practice Changing?
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Recommendations for thromboprophylaxis for cancer patients who are 
hospitalized or undergoing surgery have been around for decades. So why 
don’t we routinely offer thromboprophylaxis to ambulatory cancer patients? 
The answer lies in the risks-versus-benefits ratio.

For hospitalized and postoperative patients with cancer, the reduction in venous 
thromboembolism (VTE) clearly outweighs the increased risk of bleeding due to 

anticoagulant therapy. In contrast, the baseline risk of VTE in ambulatory patients with cancer 
is lower, which makes the risk of bleeding less acceptable. The key therefore is to select 
ambulatory patients who have a higher than average baseline risk for VTE, thereby tipping the 
ratio in favor of prophylaxis. 

The year 2019 is notable for the publication of two large randomized controlled trials evaluating 
the use of direct oral anticoagulants (DOACs) for thromboprophylaxis for high-risk ambulatory 
cancer patients.1,2 In both trials, the Khorana score (leukocyte count, platelet count, hemoglobin 
or use of red-cell growth factors, body mass index, and tumor type)3 was used to select 
patients who were about to start or switch chemotherapy regimens in the setting of newly 
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diagnosed or newly progressive cancer. The findings of these trials, an estimated 44 percent 
risk reduction for VTE, resulted in a change in 2019 cancer practice guidelines (ASH clinical 
practice guidelines pending).4

The main characteristics of AVERT and CASSINI are outlined in the Table (for a more detailed 
review of AVERT, see the Diffusion article by Stephan Moll, MD, in the March/April 2019 issue 
of The Hematologist). Some differences between these two trials are worthy of mention. First, 
the patient populations differed with respect to cancer types (additionally, CASSINI excluded 
patients with brain tumors or intracranial metastases). Second, CASSINI had double the number 
of patients with metastatic cancer than AVERT. Interestingly, despite these differences, the VTE 
rate in the placebo group of each study was similar. With respect to intervention, both studies 
included asymptomatic VTE in the primary outcome measure, which is appropriate given that the 
natural history of symptomatic and asymptomatic VTE in patients with cancer is reported to be 
similar.5 However, CASSINI used screening ultrasounds pre-randomization every eight weeks to 
actively search for incidental deep vein thrombosis, which is not part of standard clinical practice. 
Lastly, while AVERT showed a significant reduction in VTE and increased risk of major bleeding, 
neither outcome event reached significance in the intention-to-treat analysis of CASSINI.

The results of these two trials are changing cancer guidelines, but will they change clinical 
practice? Currently, there are several obstacles to wide uptake of prophylaxis for ambulatory 
cancer patients. First, less than half of the patients screened were enrolled in these studies, 
and nearly half discontinued the study drug (discontinuation rate did not differ between DOAC 
and placebo groups). Together, these observations suggest that only a fraction of ambulatory 
cancer patients will both be eligible and tolerate taking an additional drug. Second, the twofold 
increased risk of major bleeding is still a concern, especially gastrointestinal and genitourinary 
bleeding given the results of the DOAC for cancer-associated VTE treatment studies.6,7 Third, 
there is still potential for DOACs to interact with antineoplastic agents that share the same 
metabolic pathways. Lastly, but likely one of the largest obstacles, is the cost. 

The bottom-line is that ambulatory cancer patients may benefit from receiving 
thromboprophylaxis with a DOAC, however, they must be carefully selected, motivated, and 
have a way to cover the cost. 

1. Carrier M, Abou-Nassar K, Mallick R, et al. Apixaban to prevent venous thromboembolism in patients with cancer. N Engl J 
Med. 2019;380:711-719.
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Engl J Med. 2019;380:720-728.

3. Khorana AA, Kuderer NM, Culakova E, et al. Development and validation of a predictive model for chemotherapy-
associated thrombosis. Blood. 2008;111:4902-4907.
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When asked to reflect on the publications of the past year that I will remember 
most, I have to admit that I first thought of Dr. Keith Stewart’s 2019 editorial 
in ASH Clinical News titled “The Biggest Losers.” While not about clotting 
(unless one considers the venous thromboembolism risks of long-distance 
air travel), this was a hilarious and thought-provoking read, and one that I 

recommend colleagues check out.

Dr. Stewart’s publication has, of course, no bearings on my clinical patient management. 
What have, however, impacted my clinical practice are three publications on antiphospholipid 
syndrome (APS) from the past 15 months,2,5,6 and these are the articles I will discuss.

The TRAPS study2 (Table; online only) was reviewed in detail in the March/April 2018 and 
November/December 2018 issues of The Hematologist. This randomized trial compared 
rivaroxaban with the vitamin K antagonist (VKA) warfarin in patients with APS who were “triple 
positive” for antiphospholipid antibodies (APLAs) and had had a thrombotic event (venous, 
arterial, or microthrombosis). After enrollment of 120 patients, the study was prematurely 
terminated because of an excess of events — a composite of thromboembolism, major bleeding, 
and vascular death — in the rivaroxaban arm. Eleven events (19%) were reported in the 
rivaroxaban arm, and two events (3%) in the warfarin arm (HR, 6.7; 95% CI, 1.5-30.5; p=0.01). 
Most importantly, thromboembolic events occurred in seven patients (12%) randomized to 
rivaroxaban, with no event in the warfarin group; all thrombotic events were arterial. Major 
bleeding occurred in four patients (7%) in the rivaroxaban group and in two patients (3%) in 
the warfarin group. The authors of the study concluded that in high-risk patients with APS, the 
use of rivaroxaban was associated with an increased risk of events (thrombotic or bleeding) and 
thus, showed no benefit over VKA, but instead demonstrated excess risks.

Of note, this study may have had significant bias toward VKA performing better than 
rivaroxaban as it may have preferentially enrolled patients who were expected to do well on 
VKA. Unfortunately, the authors did not report in their baseline characteristics table what 
anticoagulant the patients had been on before study enrollment and how long they had been on 
prior anticoagulation. VKAs are known to have a substantial failure rate, with recurrent thrombosis 
occurring in up to 11.1 percent of patients.3,4 In clinical practice, such patients are often switched 
to another anticoagulant and would likely not have been approached for enrollment onto the 
TRAPS study given their history of VKA failure. Therefore, this study likely enrolled patients who, 
by their history of having tolerated a VKA well, were expected to continue to do well on a VKA. 
On the other hand, numerous patients randomized to the rivaroxaban arm were likely rivaroxaban-
naïve and thus never had a chance to show rivaroxaban failure. This may have led to a bias of the 
observed lower thrombosis rate in VKA compared to the rivaroxaban group. The same limitation 
applies to the study by Dr. Josep Ordi-Ros and colleagues.5

Therefore, the only scientifically accurate clinical conclusion that can be drawn from the TRAPS 
study as well as the study by Dr. Ordi-Ros and colleagues is that patients with APS and a history 
of thrombosis who have done well on a VKA are best continued on a VKA as they have a low 
VKA failure rate, but may have a higher thrombosis rate if switched to rivaroxaban. However, in 
patients with newly diagnosed APLA positivity or newly diagnosed bona fide APS (i.e., repeatedly 
positive APLA tests at least 3 months apart), it is currently unknown whether a VKA or a direct 
oral anticoagulant (DOAC) is a better choice; either one can lead to anticoagulant failure.

The randomized rivaroxaban versus VKA study5 (Table) was similar in design to the TRAPS 
study, but it included patients with any type of APS (i.e., single-, double-, or triple-positive 
APLA tests; at least 60.5% of the enrolled patients were “triple positive”). The primary efficacy 
endpoint was the proportion of patients with new thrombotic events: 11.6 percent in the 
rivaroxaban-treated group (10 arterial and 2 venous events) versus 6.3 percent in the VKA 
group (3 arterial and 3 venous events). The primary safety outcome was major bleeding, which 
occurred in 6.3 percent in the rivaroxaban group versus 7.4 percent in the VKA group. The 
authors concluded that rivaroxaban showed a non–statistically significant near doubling of the 
risk for recurrent thrombosis. Noteworthy again is the fact that the thrombotic events in the 
rivaroxaban group were predominately arterial, mostly strokes.

The caveats regarding this study are the same as those discussed for the TRAPS trial; due to the 
study design, patients were enrolled who had tolerated a VKA well prior to randomization, whereas 
patients randomized to rivaroxaban were 
rivaroxaban-naïve. Thus, this study may also have 
been unintentionally biased toward enrolling 
patients preselected for a low risk of VKA failure. 
The results, therefore, are potentially biased 
toward suggesting that patients with APS with 
VKA do better on a VKA than on rivaroxaban. 
My conclusion from this study is the same as 
the one from the TRAPS study: Patients with 
APS and a history of thrombosis who have 
done well on a VKA are best continued on a 
VKA because they have a low VKA failure rate, 
but a higher rate if switched to rivaroxaban. It is 
important to highlight that the strong statement 
in the “Summary for Patients,”5 that “rivaroxaban 
should not be used to prevent blood clots in patients with APS,” is scientifically not accurate or 
justifiable, given the study limitations discussed here. I am concerned about this strong statement, 
from a patient management as well as medical-legal point of view.

The retrospective Japanese study6 compared the outcomes of anti-Xa DOACs (edoxaban, 
n=12; rivaroxaban, n = 5; apixaban, n=1) and warfarin in a “real world utilization” setting 
(Table). Of the 206 identified patients with APS, 18 had been treated with an anti-Xa DOAC; 
36 controls were treated with a VKA were matched by age, gender, coexistence of systemic 
lupus erythematosus, and the presence of antiplatelet therapy from the pool of the available 
206 patients with APS. The primary endpoint was event-free survival (EFS) for five years; 
events were defined as recurrence of arterial or venous thrombosis and severe bleeding. “Triple 
positivity” was present in 33.3 percent of the DOAC-treated patients, and 38.9 percent of the 
warfarin-treated patients. Two analyses were done; as 14 of 18 DOAC-treated patients had 
been switched from warfarin to a DOAC (because they “wished to avoid restrictions around 
food containing a lot of vitamin K”), an analysis was possible that compared EFS while on 
warfarin with EFS while on a DOAC in the same patient. EFS was significantly shorter during 
DOAC treatment than during warfarin therapy (HR, 12.1; 95% CI, 1.7-248.0). Additionally, a 
comparison between patients treated with Xa-inhibitors and those on warfarin also showed a 
significantly shorter EFS in the DOAC-treated group (HR, 11.9; 95% CI, 2.9-56.0). The authors 
concluded that “factor Xa inhibitors may not be recommended for APS.”

Caveat: This was a retrospective and small study (only 18 DOAC patients enrolled) with the 
usual limitations of a retrospective and small study. The results have wide confidence intervals. 
A fair conclusion from this study is that anticoagulation failure may occur on anti-Xa DOACs as 
well as on warfarin. 

In terms of noteworthy ongoing research, the ASTRO-APS study, which randomized APS 
patients with thrombosis to apixaban or warfarin, is ongoing but no longer recruiting due to 
a loss of funding.7,8 The follow up of the 49 enrolled patients ends in April 2020, and results 
will hopefully be presented at the International Society on Thrombosis and Haemostasis 
meeting in Milan, Italy, in July 2020. I expect additional useful information from this study that 
will help us discuss the most suitable anticoagulant for patients with APS. Of note, the study 
design needed modifications while enrollment was ongoing because of a possibly higher 

Table. Comparison of AVERT and CASSINI Trials

AVERT (n=574) CASSINI (n=841)

Intervention Apixaban 2.5 mg twice daily 
vs. placebo for 180 days

Rivaroxaban 10 mg once daily vs. 
placebo for 180 days

Baseline patient 
characteristics

Mean age, 61 years; 58% 
female; gynecologic, 
lymphoma, pancreatic*; 
metastatic, 24%

Mean age 63; 49% female; 
pancreatic, gastrointestinal, lung*; 
metastatic, 54%

Efficacy outcome 
measure

Symptomatic or incidental 
proximal DVT of the lower 
or upper limbs, symptomatic 
or incidental pulmonary 
embolism, and pulmonary 
embolism-related death

Symptomatic or incidental lower limb 
DVT, symptomatic upper limb DVT, 
symptomatic distal lower limb DVT, 
symptomatic or incidental PE or death 
due to VTE

Venous 
thromboembolism 
rate

4.2% vs. 10.2%

HR, 0.41 (95% CI, 0.26-
0.65)†; p<.001)

6.0% and 8.8%

HR, 0.66 (95% CI, 0.40-1.09); p=.10

Major bleeding 
rate

3.5% vs. 1.8%†

HR, 2.00 (95% CI, 1.01 to 
3.95); p=.046

2.0% vs. 1.0%

HR, 1.96 (95% CI, 0.59 to 6.49); 
p=.26

 Abbreviations: DVT, deep-vein thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism. 
*Top three tumor types   †Modified intention-to-treat

Patients with APS and a 
history of thrombosis who 
have done well on a VKA 
are best continued on a 
VKA because they have a 
low VKA failure rate, but a 
higher rate if switched to 
rivaroxaban.
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The trial led by Dr. Andrew Wei and colleagues was a phase Ib/II study that assessed the safety 
and efficacy of an induction regimen of venetoclax and low-dose cytarabine in newly diagnosed 
AML patients. 3 The study enrolled 82 adult patients aged 60 years or older and considered 
ineligible for intensive induction with cytarabine and anthracycline. In this trial, however, patients 
who received prior treatment with a hypomethylating agent for a diagnosis of the myelodysplastic 
syndrome were eligible for enrollment. Forty-nine percent of the patients in this trial had 
secondary AML, and 29 percent of the cohort had received treatment with a hypomethylating 
agent. Sixty percent of the cohort had intermediate risk cytogenetics, and 32 percent had poor 
risk cytogenetics. Venetoclax was administered at 600 mg daily in combination with cytarabine 20 
mg/m2 by subcutaneous injection once daily on days 1 to 10. The median age of the cohort was 
74 years, and most patients (56%) had an ECOG PS of 1. The CR rate was 26 percent and the 
CRi rate was 28 percent, for a CR/CRi of 54 percent. The median time to first response was 1.4 
months. The median OS for the entire cohort was 10.1 months. Subgroup analysis showed that 
patients with no antecedent hematologic disorder had a CR/CRi rate of 71 percent as compared 
to patients with secondary AML who had a CR/CRi of 35 percent. Similarly, patients with no prior 
treatment with a hypomethylating agent had a CR/CRi of 62 percent as compared to 33 percent 
for patients who had previous treatment with a hypomethylating agent. The 30-day mortality rate 
was 6 percent.

To explore the outcomes of patients treated with the venetoclax and azacitidine combination, 
but not in the setting of a clinical trial (i.e., the “real-world” experience), Dr. Amanda Winters 
and colleagues presented a comparison of 33 patients treated with venetoclax and azacitidine, 
but not enrolled on trial, versus a 33-patient cohort treated on a clinical study using the same 
regimen.6

The clinical outcomes for the real-world patients were inferior to that of patients enrolled on a 
clinical trial, despite utilizing the same treatment regimen and receiving treatment from the same 
clinical team at a single institution that has great expertise and experience with the therapeutic 
regimen. The CR/CRi was lower for the real-world-patients (63%) than patients treated on 
a clinical trial (84.9%). The difference in response rate was attributed to the prior exposure 
of a hypomethylating agent in the real-world patients who had a diagnosis of an antecedent 
hematologic disorder. The median OS was significantly shorter for real-world patients (381 
days) as compared to the clinical trial cohort (880 days). The toxicity profiles were similar to the 
reported early-phase studies and included myelosuppression and infection. The early death rate 
(within 60 days) was 13 percent for the entire cohort, and all deaths were related to disease 
progression. While this data set is small, it is informative and provides the first examination of the 
real-world experience in the “post-venetoclax approval era,” as compared to the patients who met 
strict eligibility criteria of the early-phase clinical trials. In fact, these real-world data come from an 
academic institution with considerable experience with the therapeutic regimen and supportive 
care needs of this vulnerable patient population and may have resulted in better than expected 
“real-world” outcomes.

2019 has been the year of widespread adoption of venetoclax combination therapy in community 
and academic practice for the treatment of AML in older adults. Collectively, the early-phase 
clinical trial data and real-world data demonstrated the benefit of combination therapy in 
improved response rates, yet many practical questions remain for clinicians should this regimen 
be established as the standard of care. Some of the most important questions are: How do 
the long-term survival and toxicity of combination therapy compare with azacitidine or low-dose 
cytarabine monotherapy? Will “real-world” older adults with AML, those with significant comorbid 
conditions, benefit from the addition of venetoclax? Or will the combination have an unfavorable 
benefit-risk profile in a broader population? Finally, for older adults with good performance status, 
which is the best regimen? Should intensive induction therapies remain the standard for older 
fit patients? Unfortunately, the ongoing phase III trials will not help us answer these questions 

because the inclusion criteria are similar to the phase Ib trial, including adults 75 years or older 
or those with mild organ dysfunction, but excluding those with grade 2 NYHA class 2 symptoms 
or other significant organ dysfunction. Until data from the ongoing randomized phase III studies 
are available, clinicians must rely on data from early-phase or retrospective studies or consultation 
from colleagues to make treatment decisions for their patients. 
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Food and Drug Administration. Updated December 14, 2018. Access via https://www.fda.gov/drugs/
fda-approves-venetoclax-combination-aml-adults. 

2. DiNardo CD, Pratz KW, Letai A, et al. Safety and preliminary efficacy of venetoclax with decitabine or azacitidine in elderly 
patients with previously untreated acute myeloid leukaemia: a non-randomised, open-label, phase 1b study. Lancet Oncol. 
2018;19:216-228.

3. Wei AH, Strickland SA Jr, Hou JZ, et al. Venetoclax combined with low-dose cytarabine for previously untreated patients 
with acute myeloid leukemia: results from a phase Ib/II study. J Clin Oncol. 2019;37:1277-1284.

4.  Estey E, Karp JE, Emadi A, et al. Recent drug approvals for newly diagnosed acute myeloid leukemia: gifts or a Trojan 
horse? Leukemia. 2020; doi:10.1038/s41375-019-0704-5. [Epub ahead of print.] 

5. DiNardo CD, Pratz K, Pullarkat V, et al. Venetoclax combined with decitabine or azacitidine in treatment-naïve, elderly 
patients with acute myeloid leukemia. Blood. 2019;133:7-17.

6. Winters AC, Gutman JA, Purev E, et al. Real-world experience of venetoclax with azacitidine for untreated patients with 
acute myeloid leukemia. Blood Adv. 2019;3:2911-2919.

7. Kantarjian HM, Thomas XG, Dmoszynska A, et al. Multicenter, randomized, open-label, phase III trial of decitabine versus 
patient choice, with physician advice, of either supportive care or low-dose cytarabine for the treatment of older patients 
with newly diagnosed acute myeloid leukemiav. J Clin Oncol. 2012;30:2670-2677.

8. Dombret H, Seymour JF, Butrym A, et al. International phase 3 study of azacitidine vs conventional care regiments in older 
patients with newly diagnosed AML with >30% blasts. Blood. 2015;126:291-299.

9. Dennis M, Hills RK, Russell NH, et al. An evaluation of 17 years of low dose cytarabine as therapy for AML patients not fit 
for intensive treatment, including patients with adverse cytogenetics, shows improving survival, potential underutilization 
and highlights the need for new therapy. Blood. 2017;130:3874.

10. Kantarjian H, O’Brien S, Cortes J, et al. Results of intensive chemotherapy in 998 patients age 65 years or older with 
acute myeloid leukemia or high-risk myelodysplastic syndrome: predictive prognostic models for outcome. Cancer. 
2006;106:1090-1098.

Dr. O’Dwyer and Dr. Huselton indicated no relevant conflicts of interest.

Venetoclax Regimens in Acute Myeloid 
Leukemia: Do We Have the Answers? 
KRISTEN M. O’DWYER, MD,1 AND ERIC HUSELTON, MD2

1. Assistant Professor of Medicine, Wilmot Cancer Institute, University of Rochester, Rochester, NY

2. Assistant Professor of Medicine, Wilmot Cancer Institute, University of Rochester, Rochester, NY

It has been one year since the U.S. Food and Drug Administration granted 
accelerated approval to venetoclax in combination with azacitidine or 
decitabine, or low-dose cytarabine for the treatment of newly diagnosed 
acute myeloid leukemia (AML) in older patients (>75 years) or patients with 
comorbidities that precluded the use of intensive induction chemotherapy.1 The 
approval was based on data from two early phase, non-randomized trials that 

demonstrated improved rates of complete remission and duration of remission.2,3 
In 2019, the venetoclax and azacitidine combination seems to have been enthusiastically 
adopted as the de facto standard of care for this patient population at many academic centers 
and in the community, providing optimism for treatment in patients 
with historically poor outcomes. These data from two early-phase 
trials, along with “real-world” data from a single institution, pose the 
question of whether the existing data are sufficient to accept the 
azacytidine-venetoclax combination as the new standard of care 
for induction therapy in older adults with AML. We chose this topic 
as the year’s most immediate therapeutic issue in AML because it 
dominated discussions in the clinic with patients, in professional 
meetings among colleagues of the adult cooperative cancer groups, 
and with the pharmaceutical industry with regard to the design of 
future clinical trials for AML. 

Furthermore, clinical trial enrollment stalled in 2019 for trials that 
did not contain a venetoclax combination. Many academic experts 
feel they have enough data to support a paradigm change based on 
the impressive response rates from the early-phase studies. Other 
experts are concerned that the response rates, though impressive, 
may not be associated with survival benefits, and they await data 
from the international randomized phase III studies.4 The latter 
studies are evaluating venetoclax or placebo in combination with azacitidine (NCT02993523) or 
low-dose cytarabine (NCT03069352) before committing to this regimen as the new standard 
of care. The three articles discussed represent the “best” information to date for defining the 
treatment of older patients with AML with a combination containing venetoclax.

The trial led by Dr. Courtney DiNardo and colleagues was a multicenter, phase Ib, dose 
escalation study of an induction regimen of venetoclax combined with a hypomethylating agent 
(azacitidine or decitabine) in treatment-naïve, older patients with AML.5 Efficacy was evaluated in 
145 patients who were 65 years or older and considered ineligible for intensive induction with 
cytarabine and anthracycline. Patients received ventoclax at 400 mg, 800 mg, or 1,200 mg daily 
in combination with standard doses of azactidine (75 mg/m2 intravenously or subcutaneously, 
days 1-7) or decitabine (20 mg/m2 intravenously, days 1-5). In the expansion phase of the trial, 
patients received venetoclax 400 mg or 800 mg combined with a hypomethylating agent. No 
patients were allowed prior exposure to a hypomethylating agent. The median age for the cohort 
was 74 years, and most patients (62%) had an Eastern Cooperative Oncology Group (ECOG) 
performance status (PS) of 1. Fifty-one percent of patients had intermediate risk cytogenetics, 
and 49 percent had poor risk cytogenetics; 25 percent of the cohort had secondary AML and 
25 percent had TP53 mutations. The complete remission (CR) rate was 37 percent, and the CR 
with incomplete count recovery (CRi) rate was 30 percent, for an overall response rate (CR/
CRi) of 68 percent. The median time to first response was 1.2 months (range, 0.8-13.5 months), 
and the median time to best response was 2.1 months. Response rates were similar between 
patients treated with decitabine and azacitidine. The CR/CRi for the venetoclax 400 mg and 
hypomethylating agent cohort was 73 percent, and 68 percent for the venetoclax 800 mg and 
hypomethylating cohort. The median duration of response was 11.3 months, and the median 
overall survival (OS) was 17.5 months. The most common grade 3-4 adverse events included 
myelosuppression (leukopenia, 31%; anemia, 25%; thrombocytopenia, 24%; neutropenia, 
17%; and infection: febrile neutropenia in 43%, pneumonia in 13%, and bacteremia/sepsis 
in 10%). Of note, 21 patients in the study proceeded to allogeneic hematopoietic stem cell 
transplantation despite being considered ineligible for intensive induction therapy at the time of 
study enrollment.

Regimen No. of 
Patients

CR + CRi Median 
duration of CR 
+ Cri (Months)

Median OS 
(Months)

Historical 
Control, Overall 
Response Rate

Historical 
Control, Median 
OS (Months)

VEN 400 mg + HMA5 60 73% 12.5 Not reached 25-27%7,8 7.7-10.4 

VEN 600 mg + LDAC3

  No prior HMA
  Prior HMA therapy

82
  58
  24

54%
  62%
  33%

8.1
  14.8

10.1 
  13.5
  4.1 

11-19%9,10 5.5

“Real-world” VEN + AZA6 33 63% 10.5 (321 days) 12.1 27.8%8 10.4 8

“On-trial” VEN + AZA 33 84.9% Not reached 28.8 

Abbreviations: AZA, azacytidine; CR + Cri, composite response rate (complete remission + complete remission with incomplete count recovery); HMA, 
hypomethylating agent; LDAC, low-dose cytarabine; OS, overall survival; VEN, venetoclax.

than expected rate of stroke among patients with a history of stroke who were randomized to 
apixaban, raising concern that a higher rate of arterial thrombosis may be seen with apixaban 
than with warfarin. However, results need to be awaited before any solid conclusion can be 
drawn. Unfortunately, this study is small, which will limit the strength of its findings.

In conclusion, given the heterogeneity of APS patients, in respect to their thrombotic events (arterial 
or venous) as well as the number of positive test assays and type and titer of their APLA tests, 
one has to be careful to not take a “one-management-fits-all” approach. Individual antithrombotic 
decision-making in APS patients is needed. The online-only sidebar (available in the web version of 
this article at www.hematology.org/thehematologist) summarizes my current approach.
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O C T O B E R  1 7,  2 0 1 9

Lee S et al. Bone marrow CX3CR1+ mononuclear cells 
relay a systemic microbiota signal to control hematopoietic 
progenitors in mice. Blood. 2019;134:1312-1322.

Dr. Seungwon Lee and colleagues investigated the role of 
the intestinal microbiota in steady-state hematopoiesis, 
demonstrating that microbiota-derived DNA circulates 
to the bone marrow, where uptake by mononuclear cells 
leads to inflammatory cytokine production favoring 
myeloid-cell maturation of hematopoietic progenitors.

O C T O B E R  3 1 ,  2 0 1 9

Yacoub A et al. Pegylated interferon alfa-2a for polycythemia 
vera or essential thrombocythemia resistant or intolerant to 
hydroxyurea. Blood. 2019;134:1498-1509.

Dr. Abdulraheem Yacoub and colleagues report excellent 
responses to pegylated interferon alfa-2a in patients with 
hydroxyurea-resistant/intolerant polycythemia vera or 
essential thrombocythemia.

Iyer A et al. Skin colonization by circulating neoplastic clones 
in cutaneous T-cell lymphoma. Blood. 2019;134:1517-1527.

Dr. Aishwarya Iyer and colleagues used deep sequencing 
of T-cell receptor genes to demonstrate clonal 
heterogeneity of mycosis fungoides, with repeated seeding 
of disparate clones from the blood.

N O V E M B E R  7,  2 0 1 9

Aymonnier K et al. Targeting protease nexin-1, a natural 
anticoagulant serpin, to control bleeding and improve 
hemostasis in hemophilia. Blood. 2019;134:1632-1644.
and

de Maat S et al. Design and characterization of α1-antitrypsin 
variants for treatment of contact system–driven 
thromboinflammation. Blood. 2019;134:1658-1669.

In the study by Dr. Karen Aymonnier and colleagues, 
simple amino acid substitutions converted a serpin 
elastase inhibitor, a1-antitrypsin (a1AT), into a potent 
antithrombin, activated protein C inhibitor, or anti-PKa/
FXIIa inhibitor. In the study by Dr. Steven de Maat and 
colleagues, redesign of a1AT strongly altered its inhibitory 
behavior and enables it to be used for the treatment of 
contact system–mediated thrombosis and inflammation.

N O V E M B E R  2 1 ,  2 0 1 9

Rao TN et al. JAK2-mutant hematopoietic cells display 
metabolic alterations that can be targeted to treat 
myeloproliferative neoplasms. Blood. 2019;134:1832-1846.

Dr. Daniel Sasca and colleagues elucidate the potential 
role of cohesin loss in myelodysplastic syndrome and 
acute myeloid leukemia (MDS/AML). They demonstrate 
that cohesin binding is critical for erythroid-specific gene 
expression and that reduction in cohesin impairs terminal 
erythroid maturation and promotes myeloid malignancy.

D E C E M B E R  1 9 ,  2 0 1 9

Merlet AN et al. Beneficial effects of endurance exercise 
training on skeletal muscle microvasculature in sickle cell 
disease patients. Blood. 2019;134:2233-2241.

In a Plenary Paper, Dr. Angèle N. Merlet and colleagues 
report a provocative and elegant study demonstrating 
that exercise training leads to muscle capillary growth in 
patients with sickle cell disease, a finding with potential to 
improve their lives.

Borrow J et al. Terminal deoxynucleotidyl transferase 
promotes acute myeloid leukemia by priming FLT3-ITD 
replication slippage. Blood. 2019;134:2281-2290.
and

Borrow J et al. Molecular roulette: nucleophosmin mutations 
in AML are orchestrated through N-nucleotide addition by TdT. 
Blood. 2019;134:2291-2303.

These complementary papers by Dr. Julian Borrow and 
colleagues report persuasive but indirect evidence that the 
lymphoid enzyme terminal deoxynucleotidyl transferase 
(TdT) is the mutagen responsible for two common 
pathogenic genetic changes in acute myeloid leukemia 
(AML): FLT3-ITD and NPM1.

D E C E M B E R  2 6 ,  2 0 1 9

Fustolo-Gunnink SF et al. Preterm neonates benefit from low 
prophylactic platelet transfusion threshold despite varying risk 
of bleeding or death. Blood. 2019;134:2354-2360.

The results of a recent randomized control trial 
challenged the use of a platelet count of 50 × 109/L as 
the threshold for prophylactic transfusions in preterm 
neonates, indicating lower rates of severe bleeding or 
death with use of 25 × 109/L as the trigger point. Here, 
the authors further analyze trial data and conclude that 
the 25 × 109/L threshold can be adopted for all preterm 
neonates, irrespective of predicted baseline outcome risk.

J A N U A R Y  2 ,  2 0 2 0

Wang N et al. Efficacy and safety of CAR19/22 T-cell 
cocktail therapy in patients with refractory/relapsed B-cell 
malignancies. Blood. 2020;135:17-27.

Dr. Na Wang and colleagues report that using a mix of 
CAR T cells targeting CD19 and CD22 reduces relapse with 
antigen-negative tumor cells.

Li B et al. Therapy-induced mutations drive the genomic 
landscape of relapsed acute lymphoblastic leukemia. Blood. 
2020;135:41-55.

Dr. Benshang Li and colleagues report the genomic 
landscape of over 100 patients with relapsed acute 
lymphoblastic leukemia.

Dr. Nancy Berliner (Editor-in-Chief) and Dr. Andrew Roberts (Deputy Editor-in-Chief) have combined efforts to identify some of the most 
outstanding Blood articles that have appeared either in print or online during the two-month interval between issues of The Hematologist. The 
goal is to underscore the remarkable research that is published in Blood and to highlight the exciting progress that is being made in the field. 

This article reports metabolic consequences of JAK2-
mutant myeloproliferative neoplasms (MPNs) with a 
therapeutic translational impact: expression of mutant 
JAK2 induces abnormal metabolic activity of MPN cells, 
resulting in hypoglycemia, adipose tissue atrophy, and 
early mortality.

N O V E M B E R  2 8 ,  2 0 1 9

Dickerson T et al. Hypertension and incident 
cardiovascular events following ibrutinib initiation. Blood. 
2019;134:1919-1928.

In a retrospective analysis, Dr. Tyler Dickerson and 
colleagues report that the incidence of hypertension 
in patients treated with ibrutinib is nearly 80 percent 
and is associated with an increased rate of adverse 
cardiovascular events, primarily atrial fibrillation. 

D E C E M B E R  5 ,  2 0 1 9

Patel SS et al. The microenvironmental niche in classic 
Hodgkin lymphoma is enriched for CTLA-4–positive T cells 
that are PD-1–negative. Blood. 2019;134:2059-2069.

The authors provide a topological analysis using multiplex 
immunofluorescence microscopy to highlight the role 
of CTLA-4 in the tumor microenvironment of classical 
Hodgkin lymphoma.

D E C E M B E R  1 2 ,  2 0 1 9

Young G et al. A multicenter, open-label phase 3 study of 
emicizumab prophylaxis in children with hemophilia A with 
inhibitors. Blood. 2019;134:2127-2138.

In a Plenary Paper, Dr. Guy Young and colleagues 
describe impressive favorable outcomes of emicizumab 
prophylaxis in children with hemophilia A and factor VIII 
inhibitors.

Gardner RA et al. Preemptive mitigation of CD19 CAR 
T-cell cytokine release syndrome without attenuation of 
antileukemic efficacy. Blood. 2019;134:2149-2158.

Dr. Rebecca A. Gardner and colleagues report that 
early intervention with tocilizumab and steroids at 
the first signs of mild cytokine release syndrome (CRS) 
following CD19 chimeric antigen receptor (CAR) T-cell 
infusion for B-cell acute lymphocytic leukemia reduces 
the development of life-threatening severe CRS without 
having a negative impact on antileukemic effect.

Sasca D et al. Cohesin-dependent regulation of gene 
expression during differentiation is lost in cohesin-mutated 
myeloid malignancies. Blood. 2019;134:2195-2208.

editors’ choice

conversation starter
Featured content from Blood Advances, Volume 4, Issue 1

MRI Predicts 5-year Joint Bleeding and Development of Arthropathy on 
Radiographs in Hemophilia
The aim of this prospective study was to assess the predictive value of MRI for 5-year joint 
bleeding and progression of arthropathy in patients with hemophilia. Both knees and ankles 
of patients with hemophilia and absent or limited arthropathy on radiographs were assessed 
by using MRI and radiographs. MRI scans were scored according to the International 
Prophylaxis Study Group MRI score for hemophilic arthropathy. Patients were followed up 
for 5 years, including assessment of joint bleeding and repeated radiographic assessment. 
Associations between baseline MRI findings with 5-year bleeding and progression of 
arthropathy were expressed as odds ratios (OR), adjusted for severity of disease and joint 
bleeding history. Baseline assessment included 104 joints of 26 patients with hemophilia 
(median age, 21 years). Four ankles with severe joint changes were excluded. Follow-
up was available for 96 (92%) of 104 joints. During 5 years of follow-up, bleeding was 
reported for 36% of joints. Five-year bleeding was significantly increased in joints with 
synovial hypertrophy at 80% vs 27% in joints without synovial hypertrophy (OR, 10.1; 95% 
confidence interval, 3.4-31.3).

From Foppen W, et al. Blood Advances. 2020;4:113-121. More available at www.
bloodadvances.org.


